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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a musical sound generator employed in computer application systems using 
CPU, such as electronic game machines, network karaoke apparatuses, personal computers etc., and more particularly 
relates to a musical sound generator capable of generating various musical sounds according to performance infor- 
mation. Conventionally, in an apparatus such as a personal computer, musical sound can be reproduced by means of 
a specialized hardware module such as a sound source LSI and a sound source board, and by executing programs 
to control the installed sound source device. US 5, 1 1 9,71 0 discloses a musical tone generator including first and second 
tone generator units each having a plurality of tone generation channels. A CPU selects the tone generation channels 
and assigns different tone colors. The usage of the plural tone generator units is controlled by the CPU by deciding 
whether or not input performance data can be processed by the first tone generator unit. If so, the musical tone gen- 
eration is carried out by the first tone generator unit. Otherwise, the second tone generator unit is assigned to generate 
the musical tone based on the input performance data. US 5,345,035 discloses a musical tone generating apparatus 
capable of producing musical tone signals having tone colors corresponding to musical tone information given from 
an external device. The apparatus provides a plurality of tone generation channels each of which has a tone generator 
and one or more buffers. Each of the buffers can store different tone color data while all buffers are classified into two 
or more groups in accordance with a predetermined priority order. An assignment control portion searches the buffers 
in accordance with the priority order. A tone generation task for producing a musical tone signal is then assigned to 
the tone generation channel which provides a selected buffer. So, a desired tone color data can be transferred to a 
buffer in advance making it unnecessary to provide all tone generation channels with all of the tone color data to be used . 
Recently, performance of CPU in the personal computer is remarkably improved so that the musical sound can be 
generated by the CPU in place of the specialized hardware module. This sort of the musical sound generation is called 
software sound source in contrast to hardware sound source which generates musical sound by the specific hardware. 
The CPU computes waveform data of musical sound according to a specific program. The quality of the sound gen- 
erated by the software sound source depends upon the performance of the CPU executing the program. If the CPU 
has high performance, the waveform data can be computed at high speed so that a sampling frequency of the waveform 
data can be raised high to realize high quality musical sound generation. However, if the CPU performance is poor, it 
is difficult to compute the data at high speed so that the sampling frequency must be lowered. This inevitably results 
in poor quality of the reproduced musical sound. From system to system, there is a wide variety in the configuration 
of the application systems such as the personal computer, with respect to installation of optional devices. Generally, 
the optional device includes a hard disk, a video card etc., in broader meaning. However, in the present invention, the 
optional device means an externally connectable device involved in the musical sound generation. It should be noted 
that the processing ability of the CPU may be different in various system configurations. Further, in a situation where 
an application program to generate sound and another application program to execute other jobs are simultaneously 
invoked in parallel, a load of the CPU may vary dependently on the running status of the programs and on the status 
of tasks currently executed in the system. In this fashion, the effective processing power of the CPU may vary in the 
same system. Thus, a user must rearrange basic setup for the sound generation whenever an environment of the 
system is changed, and that is very laborious. In such systems, the user cannot recognize whether the sound is not 
generated correctly in a current configuration setup, until any miss and skip of tone occurs at the actual reproduction 
of the sound. In other words, it is impossible to evaluate whether the system configuration is reasonable until the sound 
is actually reproduced. Further, no matter how the CPU performance is high, an external sound generation hardware 
may be utilized in many cases according to the user's desire in practical use of the hardware resource in such cases, 
full use of the hardware sound source may cause a problem that it is impossible to generate a sound surpassing the 
limitation of the facility of the sound generation hardware. A variety of tones cannot be reproduced. A number of timbre 
kinds cannot be increased even if there is a sufficient processing power in the CPU. 

SUMMARY OF THE INVENTION 

[0002] The purpose of the present invention is to solve the problems described above, and is to provide a musical 
sound generator capable of generating various musical sounds with retaining excellent quality of the sounds. 
[0003] According to the invention, a musical sound generating apparatus for creating a waveform to generate a 
musical sound according to performance information, comprises: first waveform generator means operable for creating 
a waveform; second waveform generator means operable independently from the first waveform generator means for 
creating a waveform; input means for providing performance information; designating means for designating at least 
one of the first waveform generator means and the second waveform generator means in correspondence with the 
provided performance information; controller means for selectively operating the designated one of the first waveform 
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generator means and the second waveform generator means to create the waveform according to the provided per- 
formance information; and output means for generating the musical sound based on the created waveform. The first 
waveform generator means is composed of a hardware module driven by the controller means, while the second 
waveform generator means is composed of a software module installable in the controller means. 
[0004] The input means may comprise means for providing performance information which contains timbre informa- 
tion effective to specify a timbre of the musical sound and timing information effective to specify a timing of generation 
of the musical sound. Therein, the designating means comprises means for designating one of the first waveform 
generator means and the second waveform generator means in correspondence with the timbre information so that 
the output means generates the musical sound having the specified timber at the specified timing. 
[0005] The designating means may also include means operable, if desired, for coincidentally designating both of 
the first waveform generator means and the second waveform generator means so that the controller means operates 
both of the first waveform generator means and the second waveform generator means to concurrently create wave- 
forms in parallel manner. 

[0006] Furthermore, the input means may comprise means for providing performance information effective to com- 
mand concurrent generation of a plurality of musical sounds, and wherein the designating means comprises means 
for designating one of the first waveform generator means and the second waveform generator means according to a 
number of concurrent musical sounds specified by the performance information such that the designated one has a 
capacity sufficient to create a number of waveforms corresponding to the number of the musical sounds. 
[0007] In addition, the designating means may further comprise means operative when the number of the concurrent 
musical sounds exceeds a capacity of either of the first waveform generator means and the second waveform generator 
means for designating both of the first waveform generator means and the second waveform generator means to 
ensure complete generation of the concurrent musical sounds. 

[0008] The first waveform generator means may comprise an external waveform generator optionally connectable 
to the controller means while the second waveform generator means comprises an internal waveform generator inte- 
grated with the controller means so that the designating means designates the internal waveform generator in place 
of the external waveform generator when the same is not connected to the controller means even though the external 
waveform generator should primarily correspond to the provided performance information. 

[0009] According to another embodiment of the invention, the second waveform generator means, the input means, 
the designating means and the controller means may be integrated with each other to constitute a main part composed 
of a computer, while the first waveform generator means alone constitutes a supplementary part which is separate 
from the main part and which is optionally installable in the computer. 

[0010] The second waveform generator means may comprise a plurality of digital waveform generators which are 
operable based on different algorithms to arithmetically create digital waveforms having different qualities, and wherein 
the controller means comprises means for selectively operating an optimal one of the digital waveform generators 
according to the provided performance information. 

[0011] In addition or as an alternative, the second waveform generator means may include a digital waveform gen- 
erator of a waveform memory type operable based on a relatively simple algorithm to create a digital waveform having 
a relatively low quality, and another digital waveform generator operable based on a relatively complicated algorithm 
to create another digital waveform having a relatively high quality. 

[0012] According to another embodiment, the second waveform generator means may comprise a computerized 
waveform generator operable according to a given algorithm at a variable operation speed to create a digital waveform 
by successively computing sample values of the digital waveform, and wherein the controller means comprises means 
for provisionally operating the computerized waveform generator to carry out trial creation of a model digital waveform 
while measuring the operation speed at which the trial creation is carried out, determining means for optimally deter- 
mining a sampling frequency comparable to the measured operation speed, and means for actually operating the 
computerized waveform generator to enable the same to successively compute sample values of an actual digital 
waveform at the determined sampling frequency according to the provided performance information. 
[001 3] The determining means may comprise means for fixing the sampling frequency to one of stepwise predeter- 
mined levels, which is lower than and closest to the measured operation speed. 

[0014] In addition, the controller means may further comprise changing means operative when the determined sam- 
pling frequency falls below a critical level which is defined to ensure a minimal quality of the digital waveform for 
changing the algorithm to raise the operation speed of the computerized waveform generator so that the sampling 
frequency can be redetermined to exceed the critical level. 

[001 5] The changing means may comprise means for changing the algorithm from a complicated one to a simplified 
one such that the computerized waveform generator operates based on the simplified one of the algorithm to succes- 
sively read out prestored ones of sample values to reproductively create the digital waveform. 
[0016] The computerized waveform generator may successively read out prestored ones of sample values which 
are provisionally computed according to the complicated algorithm before the same is changed to the simplified algo- 
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rithm. 

[001 7] The invention also relates to a musical sound generating method of creating a waveform to generate a musical 
sound according to performance information, comprising the steps of: preparing a first waveform generator operable 
for creating a waveform; preparing a second waveform generator operable independently from the first waveform 
generator for creating a waveform; providing performance information; designating at least one of the first waveform 
generator and the second waveform generator in correspondence with the provided performance information; selec- 
tively operating the designated one of the first waveform generator and the second waveform generator by means of 
a controller to create the waveform according to the provided performance information; and generating the musical 
sound based on the created waveform, charcterized in that the preparing steps comprise preparing the first waveform 
generator composed of a hardware module driven by the controller and the second waveform generator composed of 
a software module installable in the controller. 

[0018] In this method, the providing step may comprise providing performance information which contains timbre 
information effective to specify a timbre of the musical sound and timing information effective to specify a timing of 
generation of the musical sound,' and wherein the designating step comprises designating one of the first waveform 
generator and the second waveform generator in correspondence with the timbre information so that the musical sound 
having the specified timber is generated at the specified timing. 

[0019] The designating step may include, if desired, coincidentally designating both of the first waveform generator 
and the second waveform generator so that the controller operates both of the first waveform generator and the second 
waveform generator to concurrently create waveforms in parallel manner. 

[0020] The providing step may comprise providing performance information effective to command concurrent gen- 
eration of a plurality of musical sounds, and wherein the designating step comprises designating one of the first wave- 
form generator and the second waveform generator according to a number of concurrent musical sounds specified by 
the performance information such that the designated one has a capacity sufficient to create a number of waveforms 
corresponding to the number of the musical sounds. 

[0021] According to another embodiment of the method, the designating step may further comprise the step of des- 
ignating both of the first waveform generator and the second waveform generator to ensure complete generation of 
the concurrent musical sounds when the number of the concurrent musical sounds exceeds a capacity of either of the 
first waveform generator and the second waveform generator. 

[0022] In addition, the preparing steps may comprise preparing the first waveform generator composed for an external 
waveform generator optionally connectable to the controller and the second waveform generator composed of an 
internal waveform generator integrated with the controller so that the internal waveform generator is designated in 
place of the external waveform generator when the same is not connected to the controller even though the external 
waveform generator should primarily correspond to the provided performance information. 

[0023] The preparing step may further comprise preparing the second waveform generator composed of a plurality 
of digital waveform generators which are operable based on different algorithms to arithmetically create digital wave- 
forms having different qualities, and wherein the operating step comprises selectively operating an optimal one of the 
digital waveform generators according to the provided performance information. 
' [0024] The preparing step may also comprise preparing the second waveform generator including a digital waveform 
generator of a waveform memory type operable based on a relatively simple algorithm to create a digital waveform 
having a relatively low quality, and another digital waveform generator operable based on a relatively complicated 
algorithm to create another digital waveform having a relatively high quality. 

[0025] According to another embodiment of the method of the invention, the preparing step may comprise preparing 
the second waveform generator composed of a computerized waveform generator operable according to a given al- 
gorithm at a variable operation speed to create a digital waveform by successively computing sample values of the 
digital waveform. The operating step comprises steps of provisionally operating the computerized waveform generator 
to carry out trial creation of a model digital waveform while measuring the operation speed at which the trial creation 
is carried out, optimally determining a sampling frequency comparable to the measured operation speed, and actually 
operating the computerized waveform generator to enable the same to successively compute sample values of an 
actual digital waveform at the determined sampling frequency according to the provided performance information. 
[0026] In addition, the determining step may comprise fixing the sampling frequency to one of stepwise predetermined 
levels, which is lower than and closest to the measured operation speed. 

[0027] The operating step may further comprise changing the algorithm to raise the operation speed of the compu- 
terized waveform generator so that the sampling frequency can be redetermined to exceed the critical level when the 
determined sampling frequency falls below a critical level which is defined to ensure a minimal quality of the digital 
waveform. 

[0028] In addition, the changing step may comprise changing the algorithm from a complicated one to a simplified 
one such that the computerized waveform generator operates based on the simplified one of the algorithm to succes- 
sively read out prestored ones of sample values to reproductively create the digital waveform. 
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[0029] In this embodiment, the preparing step may comprise preparing the computerized waveform generator which 
successively reads out prestored ones of sample values which are provisionally computed according to the complicated 
algorithm before the same is changed to the simplified algorithm. 

[0030] The invention also relates to a machine readable media containing instructions for causing said machine to 
perform a method of creating a waveform to generate a musical sound according to performance information. The 
method comprises the steps of: preparing a first waveform generator operable for creating a waveform; preparing a 
second waveform generator operable independently from the first waveform generator for creating a waveform ; pro- 
viding performance information; designating at least one of the first waveform generator and the second waveform 
generator in correspondence with the provided performance information; selectively operating the designated one of 
the first waveform generator and the second waveform generator by means of a controller to create the waveform 
according to the provided performance information; and generating the musical sound based on the created waveform. 
The preparing steps comprise preparing the first waveform generator composed of a hardware module driven by the 
controller and the second waveform generator composed of a software module installable in the controller. 
[0031] The providing step may additionally comprise providing performance information which contains timbre infor- 
mation effective to specify a timbre of the musical sound and timing information effective to specify a timing of generation 
of the musical sound, and wherein the designating step comprises designating one of the first waveform generator and 
the second waveform generator in correspondence with the timbre information so that the musical sound having the 
specified timber is generated at the specified timing. 

[0032] The designating step may include, if desired, coincidentally designating both of the first waveform generator 
and the second waveform generator so that the controller operates both of the first waveform generator and the second 
waveform generator to concurrently create waveforms in parallel manner. * 

[0033] The providing step may comprise providing performance information effective to command concurrent gen- 
eration of a plurality of musical sounds, and wherein the designating step comprises designating one of the first wave- 
form generator and the second waveform generator according to a number of concurrent musical sounds specified by 
the performance information such that the designated one has a capacity sufficient to create a number of waveforms 
corresponding to the number of the musical sounds. 

[0034] In addition, the designating step may further comprise designating both of the first waveform generator and 
the second waveform generator to ensure complete generation of the concurrent musical sounds when the number of 
the concurrent musical sounds exceeds a capacity of either of the first waveform generator and the second waveform 
generator. 

[0035] According to another embodiment, the preparing steps may comprise preparing the first waveform generator 
composed for an external waveform generator optionally connectable to the controller and the second waveform gen- 
erator composed of an internal waveform generator integrated with the controller so that the internal waveform gen- 
erator is designated in place of the external waveform generator when the same is not connected to the controller even 
though the external waveform generator should primarily correspond to the provided performance information. 
[0036] Alternatively, the preparing step may comprise preparing the second waveform generator composed of a 
plurality of digital waveform generators which are operable based on different algorithms to arithmetically create digital 
waveforms having different qualities, and wherein the operating step comprises selectively operating an optimal one 
of the digital waveform generators according to the provided performance information. 

[0037] According to another aspect of the invention, the preparing step may comprise preparing the second waveform 
generator including a digital waveform generator of a waveform memory type operable based on a relatively simple 
algorithm to create a digital waveform having a relatively low quality, and another digital waveform generator operable 
based on a relatively complicated algorithm to create another digital waveform having a relatively high quality. 
[0038] Moreover, the preparing step may comprise preparing the second waveform generator composed of a com- 
puterized waveform generator operable according to a given algorithm at a variable operation speed to create a digital 
waveform by successively computing sample values of the digital waveform. Therein the operating step comprises 
steps of provisionally operating the computerized waveform generator to carry out trial creation of a model digital 
waveform while measuring the operation speed at which the trial creation is carried out, optimally determining a sam- 
pling frequency comparable to the measured operation speed, and actually operating the computerized waveform 
generator to enable the same to successively cpmpute sample values of an actual digital waveform at the determined 
sampling frequency according to the provided performance information. . 

[0039] The determining step may comprise fixing the sampling frequency to one of stepwise predetermined levels, 
which is lower than and closest to the measured operation speed. 

[0040] The operating step may further comprise changing the algorithm to raise the operation speed of the compu- 
terized waveform generator so that the sampling frequency can be redetermined to exceed the critical level when the 
determined sampling frequency falls below a critical level which is defined to ensure a minimal quality of the digital 
waveform. 

[0041] According to another embodiment of the invention, the changing step may comprise changing the algorithm 
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from a complicated one to a simplified one such that the computerized waveform generator operates based on the 
simplified one of the algorithm to successively read out prestored ones of sample values to reproductively create the 
digital waveform. 

[0042] The preparing step may comprise preparing the computerized waveform generator which successively reads 
out prestored ones of sample values which are provisionally computed according to the complicated algorithm before 
the same is changed to the simplified algorithm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] Figure 1 is a schematic block diagram illustrating a first embodiment of the inventive musical sound generator. 
[0044] Figure 2 is a schematic block diagram illustrating a variation of the embodiment shown in Figure 1 . 
[0045] Figure 3 is a schematic block diagram illustrating another variation of the embodiment shown in Figure 1 . 
[0046] Figure 4A is a schematic block diagram illustrating an arrangement in which a sound source device and its 
peripheral devices are integrated with each other. 

[0047] Figure 4B is a schematic block diagram illustrating an arrangement in which a DSP and its peripheral devices 
are integrated with each other. 

[0048] Figure 5 illustrates operating modes in the first embodiment according to the present invention. 

[0049] Figure 6 is a memory map of a RAM provided in the first embodiment. 

[0050] Figure 7 is a flowchart illustrating an overall process executed in the first embodiment. 

[0051] Figure 8 is a flowchart illustrating a waveform synthesizing program executed in the first embodiment. 

[0052] Figure 9 is a flowchart illustrating the waveform synthesizing program executed in the first embodiment. 

[0053] Figure 1 0 is a flowchart illustrating the waveform synthesizing program executed in the first embodiment. 

[0054] Figure 1 1 is a flowchart illustrating the waveform synthesizing program executed in the first embodiment. 

[0055] Figure 12 is a flowchart illustrating the waveform sample value loading process executed in the waveform 

synthesizing program. 

[0056] Figure 1 3 is a flowchart illustrating the waveform sample value computation process executed in the waveform 
synthesizing program. 

[0057] Figure 1 4 is a flowchart illustrating the waveform sample value computation executed by CPU in the waveform 
synthesizing program. 

[0058] Figure 1 5 is a flowchart illustrating the synthesizing process by a selected hardware in the waveform synthe- 
sizing program. 

[0059] Figure 16 is a flowchart illustrating the synthesizing process by the selected hardware in the waveform syn- 
thesizing program. 

[0060] Figure 1 7 is a flowchart illustrating a timer process in the waveform synthesizing program. 
[0061] Figure 1 8 is a flowchart illustrating a synthesizing process by a selected hardware in a second embodiment. 
[0062] Figure 1 9 is a flowchart illustrating a synthesizing process by a selected hardware in a third embodiment. 
[0063] Figure 20 is a flowchart illustrating a synthesizing process by a selected hardware in a fourth embodiment. 
[0064] Figure 21 is a schematic block diagram illustrating a variation to which the present invention is applied. 
[0065] Figure 22 is a schematic block diagram illustrating another variation to which the present invention is applied. 
[0066] Figure 23 is a schematic block diagram illustrating a further variation to which the present invention is applied. 
[0067] Figure 24 is a schematic block diagram illustrating a still further variation to which the present invention is 
applied. 

[0068] Figure 25 is a schematic block diagram showing an additional embodiment of the inventive musical sound 
generating apparatus. 

DETAILED DESCRIPTION OF THE INVENTION 

[0069] Details of embodiments of the present invention will be described hereunder with reference to the drawings. 
Figure 1 is a schematic block diagram showing a first embodiment of a musical sound generator according to the 
present invention. In Figure 1 , numeral 10 denotes a CPU, which controls various units composing a computer system 
via a data bus 12, according to a basic program stored in a ROM 11. Numeral 13 denotes a RAM temporarily storing 
various registers, flags and data. Numeral 14 denotes an I/O port of the multi type which receives and transmits MIDI 
information, key information provided upon key operation of a keyboard (not shown), and other miscellaneous infor- 
mation via various interfaces l/F (not shown). The multi type I/O port 14 receives performance information in the form 
of the MIDI information or the key information KBD. In the present embodiment, it is assumed that the performance 
information may be generated by an automatic performance program. In this case, the automatic performance program 
means that the performance information is generated in time series by a certain automatic sequence program. There- 
fore, the arrangement shown in Figure 1 works not only as a musical sound generator but also a sequencer. The type 
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of l/F may be a serial or parallel port, RS-232C, RS-422 and so on. Especially in case of RS-232C, the computer 
system communicates with a host station through a public telephone network by a modem (not shown). Thus, the input 
source of the performance information may be the keyboard in case that the keyboard operation information is provided, 
or an external device connected through the l/F in case that the MIDI information is provided, or a sequence program 
executed by the CPU in case that the automatic performance information is provided. Numeral 15 denotes a storage 
unit, which is comprised of FD (Floppy Disk) or HD (Hard Disk). The storage unit 15 further stores application programs 
and data. Numeral 16 denotes a display which is composed of CRT or LCD (Liquid Crystal Display). The display 16 
presents various data under the control of the CPU 10. Numeral 17 denotes an optional coprocessor which executes 
floating point computation instead of the CPU 10. The rest of data processing is carried out by the CPU 10. Numeral 
1 8 denotes a timer which counts time in timer processing described later. Numeral 1 9 denotes a DMAC (Direct Memory 
Access Controller) which transfers data to and from RAM 20 directly without the control by CPU. Nowadays, the co- 
processor 17, timer 18 and DMAC 19 may be accommodated in a single chip together with CPU 10, though these are 
discrete devices in the present embodiment. Numeral 20 denotes a RAM which has a structure similar to the first- 
mentioned RAM 13 with respect to its hardware construction. However, the RAM 13 is used as a work area for the 
program execution by the CPU, while the other RAM 20 is a waveform memory which temporarily stores a waveform 
represented by wave data. Numeral 21 denotes a DSP (Digital Signal Processor) for use in digital Signal processing 
required for musical sound synthesis. Numeral 22 denotes an optional sound source which constitutes a first waveform 
generator of one chip LSI for generating a waveform of the musical sound according to performance information. 
Numeral 23 denotes a D/A converter which is enabled when a flag DACENBL is set to "1". Before the D/A converter 

23, an FIFO data buffer (not shown) is normally provided. The wave data stored in the FIFO is read out at a sampling 
frequency fs. After the D/A converter 23, an LPF (Low Pass Filter) is normally provided (not shown). A cutoff frequency 
of the LPF is set to about half of the sampling frequency fs. The LPF is an output device of the musical sound generator. 
The musical sound is reproduced through an amplifier and a speaker. Numeral 24 denotes a RAM which is structured 

* similarly to the RAM 13 or 20 with respect to its hardware construction. The RAM 24 is utilized as a work memory for 
the arithmetic operation of the DSP 21 . Numeral 25 denotes a waveform memory which stores wave data of basic or 
typical timbres in case that the sound source 22 generates a musical sound according to a waveform memory readout 
method. The role of the waveform memory 25 and the RAM 20 is slightly different in a manner that the waveform 
memory 25 is used mainly by the sound source 22 and is provided in the form of ROM or a daughter board, while the 
RAM 20 is utilized by the CPU 10 as a waveform memory. 

[0070] Generally in the arrangement above, some devices such as co-processor 1 7, DSP 21 , sound source 22, RAM 

24, and waveform memory 25 are often optionally installed according to user's choice. If the RAM 24 is not installed, 
a certain area of the RAM 13 is allocated for the DSP 21 . The waveform memory 25 may not be installed if the sound 
source 22 is an FM synthesizing device which generates a musical sound by pure computation of wave data. The CPU 
1 0 recognizes whether these optional devices are installed or not. In the present embodiment, the CPU 1 0 recognizes 
the existence of the optional devices according to one of methods listed below: 

(1) A port address is reserved for a corresponding device connection. The CPU 10 accesses the port address 
immediately after power-on or reset of the system. If the CPU 10 detects a predetermined sign from the port 
address, it recognizes the existence of the corresponding device. 

(2) A jumper switch is provided for signifying the device installation. The user turns the switch on at the time of 
installing the corresponding device. 

(3) If the system is implemented as a personal computer, the optional devices are registered in a configuration file 
in terms of corresponding device drivers or in a batch file. The system software recognizes the devices through 
these files. 

[0071] All these optional devices are fully installed and connected to the data bus 12 in the present embodiment. 
However, the connection port is not limited to the data bus 1 2. The optional devices may be connected via serial/parallel 
interfaces, through which each device carries out data transaction mutually with the CPU 10. In other words, any kind 
of interface is possibly provided for the optional devices, provided that the device can communicate with the CPU 
through the interface. For example, the sound source 22 may actually be provided as a sound source board 41 or an 
extension board as shown in Figure 2. In this case, the board 41 is inserted into a slot on a main board or mother 
board. The sound source board 41 communicates with the CPU 1 0 through the bus 1 2, l/F controller 26, and extension 
interface 27. The waveform memory 25 may be installed through a socket provided on the sound source board 41 in 
this arrangement. Additionally, the extension interface 27 may be provided with an additional D/A converter 28. Oth- 
erwise, the sound source 22 may be provided in the form of a discrete LSI chip, or mounted on the daughter board. 
The chip or daughter board is installed through a socket provided on the mother board or extension board in this 
arrangement. Similarly, the DSP 21 may be provided in the form of a DSP board 42. In this case, the DSP 21 commu- 
nicates with the CPU 1 0 via the extension interface 27. Otherwise, the DSP 21 may be provided in the form of a discrete 
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LSI chip likewise the sound source 22. The input data is transferred to the D/A converter 23 through the bus 12 in ' 
Figure 1 . However, the data can be distributed directly or through the extension interface, if the DSP 21 or sound source 
22 is installed through the socket or the extension interface. 

[0072] As shown in Figure 3, a first waveform generator or sound source system 32 comprised of the sound source 
22 or the DSP 21 can be connected to a local bus 33, through which the data is transferred to and from a CPU system 
30 without using the data bus 12. The CPU system 30 is composed of a standard arrangement including the CPU 10, 
ROM 11 and RAM 13, while peripheral devices 31 include multi type I/O port 14, storage unit 15, and miscellaneous 
interfaces and operators. The sound source system 32 is specifically composed of the discrete sound source 22 or 
DSP 21 in the embodiment. However, in general, any functional elements for the musical sound generation are involved 
in the sound source system 32. The sound source system 32 may be integrated with or separated from the CPU system 
30. Further, the connection interface can be provided at either of the CPU side and the sound source device side. 
Namely, any connection interface may be employed according to the inventive system setup. Additionally to the local 
bus, any sort of interface/protocol combination such as MIDI, RS-232C/422, IEEE P-1394, or SCSI may be employed. 
Also, communication network such as public telephone network may be used as the data communication media. 
[0073] In an arrangement shown in Figure 4A, the sound source device 22 may be integrated into a single chip, or 
into a printed circuit board module together with the waveform memory 25 and the D/A converter 23. Similarly, as 
shown in Figure 4B, the DSP 21 , RAM 24, and D/A converter 23 may be integrated altogether into a single chip. 
[0074] The arrangements shown in Figures 1 to 3 are nothing but an example. The style of the device connection 
depends upon the individual system setup. Further, two or more of the functional elements shown in Figure 1 may be 
integrated into a single chip. 

[0075] According to the invention, the above constructed musical sound generating apparatus creates a waveform 
to generate a musical sound according to performance information. A first waveform generator such as the sound 
source 22 or the DSP 21 is operable for creating a waveform. A second waveform generator composed of the CPU 
1 0 is operable independently from the first waveform generator for creating a waveform. The I/O 1 4 provides perform- 
ance information. One of the first waveform generator and the second waveform generator is designated in corre- 
spondence with the provided performance information. The apparatus selectively operates the designated one of the 
first waveform generator and the second waveform generator to create the waveform according to the provided per- 
formance information. The DAC 23 generates the musical sound based on the created waveform. The first waveform 
generator comprises an external waveform generator optionally connectable to the apparatus while the second wave- 
form generator comprises an internal waveform generator integrated with the CPU 1 0. Occasionally, the internal wave- 
form generator is designated in place of the external waveform generator when the same is not connected to the 
apparatus even though the external waveform generator should primarily correspond to the provided performance 
information. The second waveform generator is integrated with the CPU 10 to constitute a main part composed of a 
computer, while the first waveform generator alone constitutes a supplementary part which is separate from the main 
part and which is optionally installable in the computer. The first waveform generator is composed of a hardware module 
driven by the CPU 10, while the second waveform generator is composed of a software module installable in the 
computer. 

[0076] Various operating modes in the present embodiment will be described hereunder. The operating modes of 
the inventive musical sound generator can be categorized, as shown in Figure 5, into two major groups, one of which 
relates to designation of a synthesizing method, and the other of which relates to allocation of a timbre to the different 
waveform generators. The two major groups are divided into more specific modes. First of all, the modes to specify 
the synthesizing method will be described hereunder. 

[0077] In the present embodiment, the sound generation is carried out by synthesizing a waveform or wave data of 
a musical sound according to the performance information, and by converting it into an analog signal. The wave data 
can be generated in various methods. The used method is determined according to the operating mode in which the 
synthesizing method is specified. In the present embodiment, CPU synthesizing mode by the second waveform gen- 
erator and sound source synthesizing mode by the first waveform generator are assumed by selection. 
[0078] In the CPU synthesizing mode, a musical sound is synthesized only by the CPU 1 0, or by combination of the 
CPU 10 and the co-processor 1 7. Further, the CPU synthesizing mode can roughly be divided into the following four 
submodes. The generated waveform is converted into an analog signal by the D/A converter 23 for acoustic reproduc- 
tion. 

♦ 

FM mode: This FM mode utilizes a software module of an FM sound source for 

synthesizing a sound. The wave data is generated by real-time FM mod- 
ulation over a basic sine wave by means of the CPU 1 0. 

Harmonics synthesizing mode: The harmonics synthesizing mode is such that a fundamental waveform 

and its harmonics are synthesized altogether. With the real-time opera- 
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tion by the CPU 10, a fundamental waveform and its harmonics are cal- 
culated to synthesize the waveform. 

Wave form memory readout mode: In this mode, the sound is synthesized by accessing a waveform memory. 

Prior to the synthesizing, the CPU 1 0 loads a plurality of basic waveforms 
into the RAM 20. Upon a synthesizing command entry, the CPU gener- 
ates the wave data of a specified timbre at a specified pitch and volume 
by reading out the waveform. In the waveform memory readout mode, it 
is possible to synthesize a sound even with a low performance CPU, since 
the synthesizing is carried out by accessing RAM or ROM to read out 
wave data. Thus, a work load of the CPU in this mode is smaller than that 
in the FM mode and the harmonics synthesizing mode. However, the 
RAM should be allocated with a wave data area, so that shortage of a 
free area of the RAM 13 or 20 may be caused occasionally. Thus, the 
waveform memory readout mode may not be used preferably under some 
situations dependently on total RAM capacity and CPU addressing vol- 
ume. 

Physical model synthesizing mode: In the physical model synthesizing mode, the sound generation mecha- 
nism of an actual musical instrument, such as airflow in a tube, is simu- 
lated by an electronic model in order to synthesize the sound. The wave 
data is computed with real-time operation of devices including the CPU 
10. An example of the algorithm for the physical model synthesizing is 
disclosed in JP-A-63-40199. 

[0079] As listed above, the CPU-aided software sound source or the second waveform generator includes a plurality 
of digital waveform generators which are operable based on different algorithms to arithmetically create digital wave- 
forms having different qualities. The inventive apparatus selectively operates an optimal one of the digital waveform 
generators according to the provided performance information. Specifically, the second waveform generator includes 
a digital waveform generator of the waveform memory readout type operable based on a relatively simple algorithm 
to create a digital waveform having a relatively low quality, and other digital waveform generators operable based on 
a relatively complicated algorithm to create another digital waveform having a relatively high quality. 
[0080] On the other hand, in the hardware sound source synthesizing mode, the musical sound is synthesized using 
a specific hardware such as the LSI sound source 22. As a matter of course, in this mode, the hardware module such 
as the LSI sound source 22 must be installed in the system. The LSI sound source 22 synthesizes the wave data by 
the FM mode or the waveform memory readout mode (likewise the software sound source). The synthesizing method 
is determined by the hardware itself. The CPU 1 0 does not cover the control of the native synthesizing process of the 
sound source 22. 

[0081] In the present embodiment, a multiple of voice channels are provided. One channel is allocated for one tone 
in either of the CPU synthesizing mode and the sound source synthesizing mode. A plurality of musical sounds are 
generated in the multiple of the channels to realize concurrent sounding of the plural voices. Since the wave data can 
be synthesized by both of the CPU 10 and the sound source device 22 in the present embodiment, selection of the 
waveform generators to be utilized is an important issue. In the present embodiment, optimum one of the waveform 
generators is designated according to the voice allocation upon accepting a note-on command. The allocation mode 
includes the followings: 

CPU select mode: In the CPU select mode, the waveform synthesizing is effected by the CPU syn- 

thesizing mode at first priority. However, if the capability of the computing devices 
including the CPU 10 is not enough, the number of voice channels which can be 
used for the synthesizing is limited. In such a case, a part of the waveform syn- 
thesizing operation exceeding the capacity of the computing devices including the 
CPU 10 is carried out by the hardware sound source. 

Sound source select mode: In the sound source select mode, the waveform synthesizing is effected by the 

hardware sound source at first priority. However, if the capability of the hardware 
sound source device 22 is not enough, the number of the channels which can be 
used for the synthesizing is limited. In such a case, a part of the waveform syn- 
thesizing operation exceeding the capacity of the sound source device 22 is carried 
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out by the CPU software sound source. 

Manual mode: In the manual mode, the user manually specifies either of the software and the 

hardware sound sources. Further, a specific synthesizing mode is designated if 
the CPU-aided software sound source is specified. 

Compulsory mode: In the compulsory mode, the sound source to be used is forcibly determined ac- 

cording to running_state of application programs other than the sound generation 
program without regard to the user's intention. 

[0082] A memory map of the RAM 13 or 20 will be described hereunder. The arrangement of the inventive musical 
sound generator is not so different from general personal computers. Further, the general personal computer can be 
used as the musical sound generator provided that it executes operations related to the waveform synthesis. Thus, 
the content of the RAM 1 3 or 20 is not so different from that of the personal computer. The memory space of the RAM 
1 3 or 20 is divided into a plurality of areas as shown in Figure 6. In Figure 6, an OS area is occupied by the operating 
system as in the general personal computer. The application program areas (1 ) to (n) accommodate various application 
programs other than the waveform synthesizing program. These areas are allocated one by one for the invoked ap- 
plication programs. Song data and other miscellaneous data are stored in a data area, while the wave data is loaded 
into a wave data area WAVE when the synthesizing is carried out by the waveform memory readout method. Lastly, a 
designated one of waveform synthesizing programs is stored in a waveform synthesizing program area. 
[0083] The operation of the musical sound generator according to the invention will be described hereunder. The 
musical sound is generated by executing a specific application program of the personal computer, namely, the waveform 
synthesizing program. Otherwise, the waveform synthesizing program may be implemented as a facility of the OS in 
the form of a transient program which is automatically installed at the time of boot-up of the system. Even though the 
memory address and execution permission of the waveform synthesizing program depends on configuration of the OS 
environment, user operation, number of application programs, operating conditions etc., the waveform synthesizing 
program is executed as one of the applications (1) to (n). Upon power-on or reset of the musical sound generator, as 
shown in Figure 7, various registers and flags are set/reset for initialization in step S1 . In step S2, system administration 
process of the OS is executed. In steps S3 to S5, the application program (1), the waveform synthesizing program, 
and the application program (n) are respectively executed. The waveform synthesizing program is executed to generate 
one sample value of the wave data at one cycle of the program invocation. The application programs (1) to (n) do not 
include the waveform synthesizing program. These application programs may be related to music performance, or to 
entirely different affairs. After step S5, the procedure returns to S2. 

[0084] If there is no change in execution status of the application programs, the loop of S2 to S5 is repeatedly 
executed. Otherwise, if there is a change in the execution status of the application programs, such a change is detected 
at the system administration process in step S2. If the change of the status is of program termination, the relevant 
execution step of the application program is skipped. If the change of the status is of program invocation, a step to 
execute a new application program is added in the loop, and the whole loop is executed repeatedly. Thus, the executing 
period of the loop changes dependently on the running situation of the application programs and the system load. 
However, regardless of the running situation of the application programs, one sample value of the wave data of the 
musical sound is always generated per loop. A series of the sample values are generated continuously by repeating 
the loop to create a desired waveform. Thus, if the generated wave data is simply converted into an analog signal, the 
sampling period is varied, so that jitter may occur in the reproduced musical sound. The data buffer is provided before 
the D/A converter 23 in order to temporarily store the generated wave data of the sound. The data buffer is accessed 
for readout of the wave data at a fixed sampling frequency fs. If the musical sound generation is conducted by a fixed 
program in a certain case where the system is not a personal computer but a stand-alone electronic musical instrument, 
sound source module, or any other systems having a facility to generate sound, the execution period of the loop process 
can be fixed. In other words, the loop process is executed at a fixed interval. In such a case, it is very practical to make 
the loop interval to coincide with the reciprocal of the sampling frequency fs so that the data buffer can be eliminated. 
[0085] The waveform synthesizing program executed in step S4 is described hereunder referring to Figures 8 to 1 1 . 
The program is executed after loading thereof from the storage unit 1 5 according to a predetermined operation. In step 
Sa1 , the synthesizing mode and the hardware setup are checked. In the hardware setup check, optional devices are 
recognized by the check method described before. As for the operating mode, both of the synthesizing mode and the 
voice allocation mode are checked as well. With respect to the operating mode setup, if other application programs 
are executed before invoking the waveform synthesizing program, the voice allocation mode may be turned to the 
compulsory mode. Otherwise, the synthesizing mode and the voice allocation mode may be set up according to the 
user choice via a displayed menu to input desired settings. Further, if various sound source devices are recognized in 
the hardware check, it is possible to set either of the CPU select mode or the sound source select mode. Thus, in the 
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operating mode setup in step Sa1 , the operating mode is set up and recognized before executing the waveform syn- 
thesizing program. 

[0086] In step Sa2, waveform loading process is executed. In the waveform loading process, typical or basic wave- 
forms are loaded into the area WAVE allocated in the RAM 13 or 20 in case that the basic waveform is used in the 
waveform memory readout mode. In step Sa3, it is tested whether a flag SETFLG is "1" or not. The flag SETFLG is 
initially set to "0", but may be turned to "1 " if the sampling frequency fs is set up in step Sa21 , or if the waveform memory 
readout mode is designated in a backup waveform computation mode. The procedure advances forward to step Sa4 
if the flag SETFLG is "1". Otherwise, if thejlag SETFLG is "0", the procedure jumps to step Sa5. In case that the • 
waveform synthesizing program is executed in the loop shown in Figure 7 at the first time, the flag SETFLG is "0", and 
the procedure unconditionally advances forward to step Sa5. However, the process of step Sa4 is also described here, 
for convenience of description. In step Sa4, it is tested whether the sound synthesizing should be carried out entirely 
by the CPU synthesizing mode or not. It is possible to use the result of the hardware check in step Sa1 to detect 
whether any external sound source device is recognized or not. If there is possibility of using any sound source other 
than CPU for the waveform synthesizing, step Sa4 branches to "No" direction. In step Sa5, a flag ENBLFLG is tested 
if it is T or not, in order to detect a nonoperable state. The nonoperabie state means that the sampling frequency fs 
is neither set up in the waveform generation procedure, nor the backup waveform computation mode is enabled. There- 
fore, the CPU synthesizing mode is not yet ready in the nonoperable state. 

[0087] When the waveform synthesizing program is executed in the main loop shown in Figure 7 at the first time, 
the flag ENBLFLG is "0" so that the procedure advances forward to step Sail. However, the process under an operable 
state in case that the flag ENBLFLG is " 1 is described here just for convenience of description. The operable state 
means that all the preparation for the CPU synthesizing is already completed. In this state, the procedure advances 
forward to step Sa6, where processing of performance information is done. In step Sa7, existence of a CPU waveform 
generation command is checked. The CPU waveform generation command is generated in response to a key-on event 
contained in the keyboard information KBD, MIDI information or performance information fed from the l/F under the 
CPU synthesizing mode. If the CPU waveform generation command is detected in step Sa7, the procedure responsive 
to the command is executed in step Sa8. In the procedure of step Sa8, the wave data is generated by a specific 
synthesizing mode selected out of the available CPU synthesizing modes. The wave data is then distributed to the D/ 
A converter 23 via the bus 12. Thus, the sound generation is accomplished according to the synthesized wave data 
or waveform. 

[0088] In broader definition, the CPU waveform generation command may include a key-off event commanding note- 
off, though explanation for the procedures relevant to the key-off event is omitted here. These note-off procedures are 
very simple process such as release of the waveform generation and termination of the waveform generation. If no 
CPU waveform generation command is detected in step Sa7, the waveform synthesizing computation in step Sa8 is 
skipped, since there is no job to be executed. In step Sa9, it is tested whether terminating operation of the waveform 
synthesizing program is conducted by the user or not. If the termination of the program is not indicated, the procedure 
immediately returns to prepare for a next CPU waveform generation command. On the other hand, in case that the 
termination command is inputted, the waveform synthesizing program is terminated by setting the flag SETFLG to "0" 
instepSalO. 

[0089] If the waveform synthesizing program is executed at the first time in the main loop of Figure 7, the flag EN- 
BLFLG is "0". Then, in step Sa11 , it is tested whether the allocation mode is either of the CPU select mode and the 
sound source select mode. If the allocation mode is the manual mode or compulsory mode, the detection result is "No" 
so that the procedure advances forward to step Sa1 2, where the flags ENBLFLG, DACENBL, and SETFLG are all set 
to "I". Then, the procedure returns. The flag DACENBL is set to V to enable the D/A converter 231 Thus, if the 
waveform synthesizing program is executed next time and the external sound source is used, the check of step Sa3 
results in "Yes" and the check of step Sa4 results in "No" so that the procedure shown in Figure 1 1 is executed. Otherwise 
steps Sa6 to Sa10 are executed if the waveform synthesizing is effected by only the CPU. 

[0090] On the other hand, when, it is detected that the allocation mode is either of the CPU or sound source select 
mode in step Sa11 , the procedure advances forward to step Sa13. The processing in steps Sa13 to Sa27 shown in 
Figures 9 and 10 may be done if the waveform generation program is invoked at the first time. In this process, the 
sampling frequency fs is determined for synthesis only by the CPU. In step Sa13, the flag ENBLFLG is switched to 
"0", a flag BUSY is set to "1 ", and the flag DACENBL is set to "0" explicitly, the flag BUSY is set to " 1 " to enable counting 
up in timer process described later. Setting of the flag DACENBL to "0" is done in order to disable the output operation 
of the D/A converter 23 to prevent sound generation during the trial waveform computation described later. After step 
Sa13, registers SCOUNT and TCOUNT are reset to "0". The content of the register SCOUNT indicates loop cycles of 
the following trial waveform computation. The registerTCOUNT incrementally counts up while the flag BUSY is switched 
to "1". Thus, this register indicates a lapse time required to generate one waveform by m cycles of the synthesis 
computation. In step Sa1 5, one sample value for one sampling period is generated by the execution of a predetermined 
wave data generation algorithm. The detail of the processing in step Sa15 will be described later. In step Sa16, the 
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register SCOUNT is incremented by "1" whenever the sample value computation is executed once. In step Sa17, it is 
tested if the register SCOUNT reaches cycle "m". If it is detected NO, the procedure returns to step Sa15. Otherwise, 
the procedure advances forward to step Sa18 in Figure 10 in case that the check result is YES. Thus, the steps Sa15 
and Sa16 are repeated until the loop cycle of the sample value computation reaches to "m". 
[0091] In step Sa18 of Figure 10, the flag BUSY is switched to "0" to disable the counting up of the timer. Then, in 
step Sa19, a frequency Fs is calculated by the following equation (1). 



Fs = (m.margin)/(TCOUNTTt) (1) 



10 



In this equation, the "margin" is a constant set smaller than value 1 to provide the computation devices including the 
CPU 1 0 with some margin, considering the processing power of the devices. As described before, TCOUNT indicates 
invocation times of the timer during the period required to "m" cycles of the execution of the sample value calculation, 
while Tt indicates a pitch of the timer. Thus, the product of TCOUNT and Tt corresponds to the period required for 
15 completing the sample value calculation process to generate one waveform. 

[0092] Thus, the frequency Fs calculated by the equation (1) is the frequency of the waveform sampling, and the 
constant "margin" reflects the processing power of the hardware setup. 

[0093] In step Sa20, it is detected whether the calculated frequency Fs is greater than 32 kHz or not. This critical 
frequency "32 kHz" is employed considering the minimum quality of the musical sound to be generated. If this detection 

20 result is positive, which means that the processing power of the CPU is evaluated as sufficient for maintaining the 
minimum quality of the sound, the procedure advances forward to step Sa21. In step Sa21, an adequate sampling 
frequency fs smaller than and closest to the calculated frequency Fs is selected out of 32 kHz, 44.1 kHz, 48 kHz, and 
50 kHz. If the calculated frequency Fs is 47 kHz, the sampling frequency fs is set to 44.1 kHz, which is closest to and 
smaller than 47 kHz. The value smaller than the calculated frequency Fs is selected because the constant margin does 

25 not make sense if the sampling frequency fs is set to exceed the processing power of the CPU. After step Sa21 , the 
flags DACENBL, ENBLFLG and SETFLAG are all set to "1 " in step Sa22, and the procedure returns. This flag operation 
enables the D/A converter 23 to output the musical sound. Further, this flag operation indicates that the sampling 
frequency fs is set up. Consequently, the nonoperable state is changed to the operable state. 
[0094] Under the operable state, upon the next execution of the waveform synthesizing program, check of step Sa4 

30 results in "No" so that the synthesizing is done by the processing shown in Figure 11 if the waveform synthesizing 
should be carried out by the external sound source device. Otherwise, if only the CPU is used for the waveform syn- 
thesizing, check of step Sa4 results in "Yes" and check of step Sa5 results in "No" so that the synthesizing is carried 
out through steps Sa6 to Sa8. 

[0095] On the other hand, in Figure 10,' if the result of the test about the calculated frequency Fs in step Sa20 is 

35 turned out "No", which means that the minimum quality of the sound cannot be retained, the procedure advances 
forward to step Sa23. In the step Sa23, the user is warned that the minimum quality of the sound is not available, and 
the backup waveform computation mode is called. The backup waveform computation mode is the waveform memory 
readout mode which is selected as a secondary choice when the minimum quality of the sound is not affordable with 
the primary synthesizing mode selected out of the available CPU synthesizing modes. In step Sa24, it is tested whether 

40 the backup waveform computation mode is designated or not. If YES, the procedure goes forward to step Sa25, where 
original waveforms are prepared by the primary computation mode and are stored in the RAM 13 or 20 in advance. 
Further, the sound is actually reproduced when the stored waveform is read out at the sampling frequency 32 kHz, 
which is automatically determined. Thus, the waveform synthesizing is effected virtually with the waveform memory 
readout mode, so that the minimum quality of the reproduced sound can be retained even if the low performance CPU 

45 js equipped in the system. After that, the process in step Sa22 is executed to switch the nonoperable state to the 
operable state, and the procedure returns. On the other hand, if the backup waveform calculating mode is not specified 
in step Sa24, the procedure goes forward to step Sa26, in which a termination command for the sound synthesizing 
program is detected. If the termination of the sound synthesizing program is commanded, the operation finishes, by 
clearing the flag SETFLG to "0" in step Sa27. In case that the calculated frequency Fs is smaller than 32 kHz, and the 

so backup waveform calculation mode is neither specified nor the program termination is commanded, the warning alarm 
is continued. Thus, the waveform synthesizing is done with the computation devices such as the CPU 1 0. The sampling 
frequency fs is optimized with respect to the CPU performance. Further, if the performance of the CPU is low, the 
synthesizing is executed by switching to the waveform memory readout mode, which can reduce the CPU load. 
[0096] For summary, the CPU-aided second waveform generator comprises a computerized waveform generator 

55 operable according to a given algorithm at a variable operation speed to create a digital waveform by successively 
computing sample values of the digital waveform. The computerized waveform generator is provisionally operated to 
carry out trial creation of a model digital waveform while measuring the operation speed at which the trial creation is 
carried out. The sampling frequency is optimally determined in comparable to the measured operation speed. The 
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computerized waveform generator is actually operated to enable the same to successively compute sample values of 
an actual digital waveform at the determined sampling frequency according to the provided performance information. 
The sample frequency is fixed to one of stepwise predetermined levels, which is lower than and closest to the measured 
operation speed. When the determined sampling frequency falls below a critical level which is defined to ensure a 
minimal quality of the digital waveform, the initial algorithm is changed to raise the operation speed of the computerized 
waveform generator so that the sampling frequency can be redetermined to exceed the critical level. The algorithm is 
changed from a complicated one to a simplified one such that the computerized waveform generator operates based 
on the simplified one of Jhe algorithm to successively read out prestored ones of sample values to reproductively create 
the digital waveform. The sample values may be initially computed by the complicated algorithm. Then, the sample 
values are stored in the waveform memory for actual use under the simple algorithm of the waveform memory readout 
mode. Thus, the inventive sound generating apparatus for creating a digital waveform to generate a musical sound 
according to performance information, comprises input means for providing performance information, computerized 
waveform generator means operable based on a given algorithm at a variable operation speed to create a digital 
waveform by successively computing sample values of the digital waveform, trial means for provisionally operating the 
computerized waveform generator to carry out trial creation of a model digital waveform while measuring the operation 
speed at which the trial creation is carried out, determining means for optimally determining a sampling frequency 
comparable to the measured operation speed, controller means for actually operating the computerized waveform 
generator to enable the same to successively compute sample values of an actual digital waveform at the determined 
sampling frequency, and output means for generating the musical sound based on the actual digital waveform according 
to the provided performance information. 

[0097] By the way, if there is detected a possible use of the hardware sound source device for the waveform syn- 
thesizing in step Sa4 in Figure 8, the procedure branches to step Sa28 in Figure 11 . In step Sa28, the flag DACENBL 
is switched to "1 " to enable the D/A converter 23 to output the sound. In step Sa29, any termination command for the 
sound synthesizing program is detected. If the termination of the sound synthesizing program is commanded, the 
synthesizing program finishes by clearing the flag SETFLG to "0" in step Sa31 through step Sa30. On the other hand, 
if the termination of the sound synthesizing program is not commanded, the operating mode is checked whether it is 
the sound source synthesizing mode or not in step Sa32, if the detection result of step Sa29 is negative. When the 
sound source synthesizing mode is detected in step Sa32, existence of the hardware required for the specified mode 
is detected in step Sa33. This mode is specified upon the recognition with the hardware check in step Sa1. If the 
relevant hardware exists, the synthesizing procedure is executed by the relevant hardware in step Sa34. Otherwise, 
the lack of the relevant hardware is issued in step Sa35, and the synthesizing process is continued using the current 
hardware setup, if the relevant hardware does not exist. After steps Sa34 and Sa35, the procedure returns. The syn- 
thesizing processing with the selected hardware will be described later. 

[0098] The waveform loading process executed in step Sa2 (Figure 8) will be described hereunder with reference 
to Figure 1 2. In the waveform loading process, it is detected whether a MIDI sample dump command is received through 
the multi I/O port 14 in step Sb1 . The MIDI sample dump contains a wave data according to the MIDI standard, and is 
used in the waveform memory readout mode. If the MIDI sample dump is received, the sample receiving procedure is 
conducted such that the received data is transferred to the area WAVE in RAM 1 3 or 20 in step Sb2. The sample clump 
receiving of step Sb2 is repeated until all of the data reception are completed. The completion is detected in step Sb3. 
If all of the data reception are completed, the detection in step Sb3 results in "Yes", and the procedure returns. On the 
other hand, if the check of step Sb1 results in "No", it is checked if the wave data is transferred via the interface l/F in 
step Sb4. If the wave data is received, the received data is transferred to the area WAVE in the RAM 13 or 20 in steps 
Sb2 and Sb3, as in the case of the MIDI sample dump. If both the steps Sb1 and Sb4 result in "No", an access reading 
event for the storage unit 15, namely the request to read out some data from the storage unit 15, is detected in step 
Sb5. If the request is not issued, the waveform loading is terminated immediately and the procedure returns, since 
there is no more job to do. On the other hand, when the access event occurs, the data read out from the storage unit 
15 is checked in step Sb6. Further, in step Sb7, it is tested whether the read out data is the wave data or not. If the 
read out data is not the wave data, the waveform loading is terminated immediately and the procedure returns, since 
there is no more job to do. Otherwise, if the wave data is read out, the wave data is transferred to the area WAVE in 
the RAM 13 or 20. The data transfer in step Sb8 is repeated until the end of the data transfer is detected in step Sb9. 
When the data transfer is completed, the check of step Sb9 results in "Yes" and the procedure returns. Thus, in the 
waveform loading, the wave data to be used in the waveform memory readout mode is received or read out. Then, the 
wave data is transferred to the area WAVE in the RAM 13 or 20. The computation devices such as CPU 10 process 
the wave data with the waveform memory readout mode according to a simple algorithm in order to synthesize the 
actual waveform. In order to reproduce the wave data loaded in the RAM 13 or 20 by the sound source 22, the loaded 
basic wave data might be transferred again to the waveform memory 25 included in the sound source 22. In a con- 
ventional musical sound generator having a specific hardware sound source, the hardware sound source must have 
a temporary waveform memory to receive the loaded wave data. The CPU must execute the wave data transfer from 
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the RAM to the waveform memory. However, in the present embodiment, the basic wave data is loaded to RAM 1 3 or 
20 under the control of the CPU 10. Therefore, it is not necessary to provide the temporary memory to hold the wave 
data in the hardware. Further, it is not necessary to execute re-loading process in which the loaded wave data is 
transferred further to the external hardware device. The costs for the system hardware or software can be reduced, 
and the time from the end of the wave data loading to the reproduction of the sound can be shortened. 
[0099] The sample value computing operation executed in step Sa15 (Figure 9) will be explained hereunder with 
reference to Figure 1 3. In step Sc1 of Figure 1 3, it is tested whether the co-processor 1 7 exists. In the present embod- 
iment, the^co-processor 17 is installed. However, this device is optional and may be lacked in some hardware setup. 
If the CPU 1 0 accommodates an arithmetic operation unit equivalent to the co-processor 1 7, the detection of the co- 
processor is not required. It is possible to regard the system as if the co-processor is installed. If the co-processor 1 7 
is detected, the sample value calculation is done with the CPU 1 0 as well as the co-processor 1 7 in step Sc2. Otherwise, 
the sample value calculation is carried out only with the CPU 10 in step Sc3, if there is no co-processor 1 7. After step 
Sc2 or Sc3, the procedure returns. The sample value calculation is the same in steps Sc2 and Sc3, except that the 
co-processor 1 7 is used or not. Thus, the detail of the sample value calculation is explained with respect to step Sc3 
here. 

[0100] In step Sd1 of Figure 14, it is tested whether the current operating mode is set to the FM mode among the 
various CPU synthesizing modes. If the FM mode is set, a set of sample values corresponding to a number of channels 
are calculated at one sampling point according to the FM synthesizing method in step Sd2. For example, if polyphonic 
synthesizing is selected, a set of multiple sample values required for synthesizing a desired number of voices are 
calculated. In this case, the load of the CPU 1 0 ts high, since various voices having various pitches may be concurrently 
created. Even worse, other processing such as graphics processing may be done in parallel. If the FM mode is not 
detected in step Sd1 , it is detected whether the current operating mode is set to the waveform memory readout mode 
among the CPU synthesizing modes in step Sd3. If the waveform memory readout mode is detected here, a set of 
sample values required for one sampling point are read out from the waveform memory. In polyphonic synthesizing, 
multiple samples required for synthesizing a desired number of voices are read out. This data reading and data transfer 
is not carried out by the CPU 1 0, but by the DMAC 1 9. The wave data has been loaded to the area WAVE in the RAM 
13 or 20, or provisionally stored in the ROM 11 . If the waveform memory readout mode is not detected in step Sd3, it 
is detected whether the current operating mode is set to the harmonics synthesizing mode among the various CPU 
synthesizing modes in step Sd5. If the harmonics synthesizing mode is detected, a set of sample values required for 
one sampling process are calculated by the CPU 10 according to the harmonics synthesizing method in step Sd6. In 
polyphonic mode, a number of samples required for synthesizing a desired number of voices are calculated with the 
harmonics synthesizing method. In this case, the load of the CPU 10 is high, since various voices having various 
pitches may be created concurrently. Even worse, other processings may be carried out in parallel, similarly to the 
situation under the FM mode. If the harmonics synthesizing method is not detected in step Sd5, it is tested whether 
the current operating mode is set to the physical model synthesizing mode among the various CPU synthesizing modes 
in step Sd7. If the physical model synthesizing mode is detected, samples required for one sampling point are calculated 
by the CPU 10 according to the physical model synthesizing method in step Sd8. In polyphonic mode, a number of 
samples required for synthesizing a desired number of voices are calculated with the physical model synthesizing 
method. If the physical model synthesizing mode is not detected in step Sd7, the current operating mode is out of the 
present embodiment, so that the warning for the wrong mode setting is executed in step Sd9 as well as other process. 
After steps Sd2, Sd4, Sd6, Sd8, or Sd9, the procedure returns, and then the following step Sa1 6 (Figure 9) is executed. 
[01 01 ] As for the waveform sample value calculation with the CPU 1 0 and the co-processor 1 7 executed in the step 
Sc2, the procedure shown in Figure 14 is executed with cooperation of the CPU 10 and the co-processor 17 so that 
the calculating operation can be made faster. The detailed explanation for the operation is omitted here, since the 
procedure is basically the same as the calculation only by the CPU. 

[0102] Thus, in the waveform sample value calculation in step Sa15, the most influential processing on the quality 
of the synthesized sound is carried out by one of the CPU synthesizing modes. In the FM, harmonics synthesizing, or 
physical model synthesizing mode, the time required for the wave data calculation, as well as the number of voices to 
be reproduced simultaneously, is the bottle neck of the sound synthesizing. The wave data at each sample point is 
actually calculated in orderto examine the processing power. The calculation is repeatedly done in steps Sa1 5 to Sa1 7 
for m cycles, and the time required for the m sample calculation is measured by the timer operation to set the sampling 
frequency fs suitable for the processing power of the CPU in step Sa21 . Similarly in the waveform memory readout 
mode, the readout operation of the wave data is the bottle neck of the sound synthesizing, so that the wave data at 
each sample point is read out to examine the accessing speed. The readout process is done in steps Sa15 to Sa17 
for m samples, and the time required for the m sample calculation is measured by the timer operation to set the sampling 
frequency fs suitable for the processing power of the CPU in step Sa21 . 

[0103] The synthesizing by the selected hardware, which is executed in the above-described step Sa34 (Figure 1 1 ), 
is explained hereunder. This synthesizing process is effected unless voices of ail the channels are synthesized by the 
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CPU synthesizing mode alone. This process is executed to control the sound source device used for synthesizing the 
waveform according to the allocation mode. First of all in this procedure, event detection is carried out in step Se1 of 
Figure 15. The event includes a key-on event issued in response to keyboard information KBD or MIDI information, 
and includes other events not only associated to the CPU synthesizing mode, but also associated to the sound source 
device mode. Upon detecting the key-on event, the apparatus initiates the synthesizing process. In step Se2, it is tested 
whether the current operating mode designates the sound source synthesizing mode or not. If the detection result is 
"No", the procedure branches to step Sell. Otherwise, the procedure goes forward to following step Se3, if the detection 
jesult is "Yes". In step Se3, it is tested whether the current synthesizing operation status of the sound source devices 
and the performance information corresponding to the event comply with a "condition" for synthesis of waveform by 
the sound source device. In the present embodiment, one condition is whether the number of voices (timbres) to be 
synthesized currently is within a maximum number of voices which can be synthesized simultaneously by the hardware 
device specified in the sound source synthesizing mode. More particularly, in step Se3, the number of channels currently 
being in active status and being allocated for the sound source device is less than or equal to the full number of the 
channels which can be used for simultaneous synthesis of voices by the device. The "condition" may include other 
factors listed hereunder: (1) Whether a "pitch" or a "touch" specified by the detected event is higher (or lower) than a 
predetermined value. (2) Whether a value relevant to "timbre" specified by the detected event is higher (or lower) than 
a predetermined value. (3) Whether a value relevant to a number of "parts" in the performance information specified 
by the detected event is higher (or lower) than a predetermined value. (4) Whether a detected MIDI-CH value (number 
of channels) relevant to the detected event is higher (or lower) than a predetermined value. As shown above, the criteria 
for the "condition" may be generalized as whether a certain value specified by the performance information is higher 
(or lower) than a predetermined value. It is possible to implement a particular "condition" to issue a negative result if 
some unique timbre is specified to be synthesized in the FM mode or the harmonics synthesizing mode using the 
sound source device. This implementation will be described later in another embodiment. If the "condition" is fulfilled, 
channel assignment process is conducted in step Se4 such that a channel to synthesize a voice for the key-on event 
is allocated out of vacant channels in the sound source device, which are currently not used for synthesizing the sound. 
In step Se5, the sound generation is executed using the specified sound source hardware, in which the actual synthe- 
sizing of the waveform is done for the issued event in the allocated channel. 

[0104] If the "condition" is not fulfilled in step Se3, it is tested whether the flag ENBLFLG is "1 " or not in step Se6. In 
this stage, the value "1" of the flag ENBLFLG indicates that the steps Sa13 to Sa25 have been executed already, and 
indicates that the sampling frequency fs for the CPU synthesizing mode is already set up. Thus, the CPU synthesizing 
mode is available. Therefore, if the test result of step Se6 is "Yes" because of value "1" of the flag ENBLFLG, voice 
allocation procedure to the CPU synthesizing mode is executed in step Se7 so that the synthesizing of the waveform 
relevant to the event which does not comply with the condition for synthesizing by the sound source device is carried 
out by the CPU synthesizing mode. Particularly, an allocation command is issued to calculate sample values of the 
waveform relevant to the event in this CPU synthesizing allocation procedure. The command includes designation of 
computation mode to be executed by the CPU 10 (any mode out of the CPU synthesizing modes), and designation of 
the timbre, pitch, touch, volume and channel assignment. Further, the command includes note commands such as 
key-on or key-off. During the allocation command is valid, the computation devices including the CPU 1 0 execute the 
waveform synthesizing computation process in order to generate the sample values relevant to the event in step Se1 0. 
The allocation command also includes information about the start and end of interrupts, if the waveform is generated 
with the interrupt process. On the other hand, if the value "0" of flag ENBLFLG is detected in step Se6, the CPU 
synthesizing mode is not available. In this case, truncating process is carried out to turn off sound reproduction operation 
of a channel which is the oldest in step Se8, to make a vacant channel forcibly. This truncating process may be included 
in the allocation process executed in step Se4. In step Se4, the relevant event is allocated to the vacant channel made 
by the forcible note-off, and the synthesizing of the waveform relevant to the event is carried out by the allocated 
channel in step Se4. If multiple sound source devices are installed to the system, channels of the different sound source 
devices may be allocated to synthesize a single timbre. 

[0105] By the way, if the sound source device select mode or preceding mode is not detected in step Se2, there may 
be the CPU select preceding mode or the manual mode in which the CPU synthesizing mode is set together with the 
sound source synthesizing mode. Thus, the procedure branches to step Sell in Figure 1 6. In this step Sell, it is tested 
whether the current state of the CPU synthesizing mode and the performance information relevant to the issued event 
comply with the "condition" for synthesizing by the devices including the CPU. Various factors may be conceived as 
the "condition" for synthesis by CPU as in the case of the "condition" for synthesis by the sound source device (step 
Se3). In this embodiment, the condition is whether a number of voices (timbres) to be synthesized currently is within 
a maximum number of voices which can be synthesized simultaneously with the CPU synthesizing mode. More par- 
ticularly, in step Sell, it is tested whether the number of channels (CH) currently being held in note-on status and being 
allocated for the computation devices including the CPU is less than or equal to the maximum number of the channels 
which can be used for simultaneous synthesizing of the waveforms by the CPU synthesizing mode. If the "condition" 
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is satisfied, it is tested whether the flag ENBLFLG is "1 " or not in step Se1 2. As described above, the value M 1 " of the 
flag ENBLFLG here indicates that the synthesis of the waveform by the CPU synthesizing mode is ready to be started. 
Therefore, the allocation procedure is executed for the waveform synthesis by the devices including the CPU 10 in 
step Se13, and the procedure further goes forward to step Se9. The detail of the allocation procedure in step Se13 is 
not explained here again , since the procedure is eventually the same as in step Se7. On the other hand, if the "condition" 
for synthesis of the waveform by CPU is not complied in step Sell, or the devices including the CPU 1 0 are not ready 
in step Se12, the allocation procedure is executed in step Se14 as in step Se4, so that the processing relevant to the 
event is done by the external sound source device. The synthesizing using the specified hardware is done in step Se1 5 
as in step Se5. After step Set 3, steps Se9 and step Se1 0 are executed. In step Se9, it is detected whether the allocation 
command exists to generate wave data by the CPU . If the command is not detected, the procedure returns immediately. 
Otherwise, the waveform is calculated according to the allocation command to generate sound by the CPU in step Se1 0. 
[0106] Thus, in the external sound source select preceding mode, the synthesizing process complying with the "con- 
dition" for synthesis by the hardware device is executed by the sound source in step Se5, while the synthesizing process 
which does not comply with the "condition" is executed by the CPU 1 0 in step Se1 0. On the other hand, if the designated 
mode is not the sound source preceding select mode, the process complying with the "condition" for synthesis by the 
CPU 10 is executed by the software module in step Se10, while the synthesizing process which does not comply with 
the "condition" for synthesis by the CPU is executed by the hardware sound source device in step Se1 5. Thus, in the 
synthesis using the selected hardware, if the synthesizing process exceeds the processing power of the hardware 
specified in the sound source synthesizing mode, the exceeding part of the process is executed by the CPU synthesizing 
mode, so that it is possible to synthesize a plurality of voices more than the full number of voices which can be simul- 
taneously reproduced in the hardware without enhancing hardware setup. In general, when the input device such as 
the I/O 14 provides performance information effective to command concurrent generation of a plurality of musical 
sounds, the inventive apparatus designates one of the first waveform generator and the second waveform generator 
according to a number of concurrent musical sounds specified by the performance information such that the designated 
one has a capacity sufficient to create a number of waveforms corresponding to the number of the musical sounds. 
When the number of the concurrent musical sounds exceeds a capacity of either of the first waveform generator and 
the second waveform generator, both of the first waveform generator and the second waveform generator are desig- 
nated to ensure complete generation of the concurrent musical sounds. 

[0107] The timer process will be described hereunder. The timer process is an interrupt process executed at a pre- . 
determined interval Tt during the trial waveform synthesis program described before. Figure 1 7 is a flowchart illustrating 
the timer process in detail. In step Sf 1 , it is tested if the flag BUSY is "1 ", which means that the counting up of the timer 
is enabled. If this detection results in negative, the procedure skips to Sf3. Otherwise, the routine goes forward to step 
Sf2, where the register TCOU NT is incremented by "1 " if the detection result is positive. In step Sf3, other miscellaneous 
timer processes are executed to finish the timer routine. Thus, the timer process increments the register TCOUNT by 
"1" if the flag BUSY is "1". The flag BUSY switches to "1" only in the loop of steps Sa9 to Sa11 so that the content of 
the register TCOUNT indicates the invocation cycles of the timer process within the time required for the computation 
or reading of one waveform. The lapse time can be derived by multiplying TCOUNT by Tt. 

[0108] In the arrangement shown in Figure 1, all the optional devices such as the co-processor 17, DSP 21 and 
external sound source 22 are fully installed. Thus, in this arrangement, all the operating modes can be designated with 
respect to the synthesizing mode and the allocation mode. If the operating mode is set to the sound source select 
mode at first priority, a part of the process exceeding the processing power of the external sound source is allocated 
to the CPU, and the CPU handles the process so that the musical sound can be generated beyond the limitation of 
the external sound source device, and various timbres can be generated. Further, various timbres can be generated 
also in the CPU select mode given first priority. Since the sampling frequency fs is always set to the optimum value at 
step Sa21 , the quality of the generated sound can be maintained high. 

[0109] In the embodiment described above, the optional devices are fully installed as shown in Figure 1 . However, 
the hardware setup of the personal computer or the electronic musical instrument varies depending on which optional 
device is installed. The available operating mode of the musical sound synthesizing program is different depending on 
the hardware setup. The operations of the musical sound synthesizing program in other hardware arrangements which 
are different from that in Figure 1 will be described hereunder. 

[0110] The hardware setup shown in Figure 21 lacks all the optional devices including the co-processor 1 7, DSP 21 , 
and LSI sound source 22. Of course, the sound source synthesis mode is not available in this setup, because the 
detection in step Sa4 (Figure 8) becomes "Yes", and only the CPU synthesizing mode can be utilized. However, if the 
processing power of the CPU 10 is not very high enough, the real-time wave data computation is impossible/since 
both of the co-processor 1 7 and DSP 21 are not installed. Thus, there may be a situation in which the waveform memory 
readout mode is only available in the CPU synthesizing modes. 

[0111] The hardware setup shown in Figure 22 has only the co-processor 17 as an optional device. In this setup, 
the hardware sound source synthesis mode is not affordable, because the detection in step Sa4 (Figure 8) becomes 
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"Yes". The CPU synthesizing mode is only available. However, all the CPU synthesizing modes are possible, because 
high speed real time arithmetic operations are possible by the co-processor 1 7. The actual waveform calculation (step 
Sa9), as well as the trial waveform calculation (step Sa15), is executed by both of the CPU 10 and the co-processor 
1 7 in this setup, since the co-processor 1 7 is available. 

[0112] The hardware setup shown in Figure 23 includes the co-processor 17 and the DSP 21 as optional devices. 
The purpose of the DSP 21 is to ensure high speed calculation of the wave data. If the DSP 21 is treated as the external 
sound source, the sound source synthesis mode is available by means of the DSP on the second invocation of the 
synthesizing program or thereafter, since the detection in step Sa4 (Figure 8) becomes "No". However, the purpose 
of the DSP 21 is to facilitate data calculation, so that the wave data is not generated by the waveform memory readout 
method, but is generated by the various pure arithmetic modes such as FM mode, harmonics synthesis mode and 
physical modeling mode. Further, the CPU synthesizing mode is available depending on the allocation mode. The 
wave data calculation is possible, but the waveform memory readout mode is not available since the DMAC 19 and 
RAM 20 are deleted. It is possible to utilize only the FM mode, harmonics synthesizing mode, and physical model 
synthesizing mode, where the real-time high speed wave data calculation is executed. The actual waveform calculation 
(step Sa8), as well as the trial waveform calculation (step Sa15), is executed by both of the CPU 10 and the co- 
processor 17 in this setup. 

[01 13] The hardware setup shown in Figure 24 includes only the LSI sound source 22 as an optional device. In this 
setup, the sound source synthesis mode is available on the second invocation of the synthesizing program or thereafter, 
since the detection in step Sa4 (Figure 8) becomes "No". Further, the CPU synthesizing mode is available depending 
on the allocation mode. However, there may be a situation in which the waveform memory readout mode cannot be 
utilized, since DMAC 19 and RAM 20 are missing. Further, if the processing power of the CPU 10 is not very high 
enough, the real-time wave data calculation is impossible since the co-processor 17 lacks. Thus, there may be a 
situation in which all the CPU synthesizing modes are not available. 

• [0114] A second embodiment will be explained hereunder. Generally, it is difficult to reproduce the realistic sound of 
the percussive tones such as a rhythm or drum instrument by the wave data computation according to FM mode or 
harmonics synthesizing method. Thus, if the LSI sound source 22 is installed and this sound source 22 calculates the 
wave data of the musical sound by the pure calculating method such as FM mode other than the waveform memory 
readout mode, it is not adequate to reproduce the sound by the LSI sound source 22. Further, it is not necessary to 
calculate the wave data by the arithmetic calculating mode other than the waveform memory readout mode by the 
CPU 10, if this sort of the LSI sound source 22 is installed. Further, the CPU 10 should execute jobs other than the 
waveform synthesizing, so that a system load required for the execution of the waveform synthesizing program should 
be reduced as much as possible, especially in case that the processing power of the CPU 1 0 is not high. Thus, in this 
situation, it is convenient that the CPU 1 0 generates the percussive wave data unsuitable for the LSI sound source 22 
by the waveform memory readout mode, while the LSI sound source 22 generates the wave data for other timbres. 
Thus, the computation load can be reduced for the CPU 1 0, and the LSI sound source 22 does not have to synthesize 
any wave data for which the sound source 22 has poor ability. The quality of the reproduced sound can be maintained 
high as much. The purpose of the second embodiment is directed to the very point. The second embodiment assumes 
that the sound source 22 is installed as shown in Figure 1 or 24. With respect to the waveform synthesizing program, 
the synthesizing.process using the selected hardware (Figures 1 5 and 1 6) is replaced with the process shown in Figure 
18. More particularly, the synthesizing process using the selected hardware in step Sa34 (Figure 11) is substituted for 
the process shown in Figure 18. The substituted process will be described hereunder, while omitting the explanation 
of- the other processes for avoiding duplicated description. 

[0115] In this second embodiment, upon advancing forward to step Sa34, the program runs to execute the synthe- 
sizing process using the selected hardware as shown in Figure 18. In step Sg1 , the event detection is carried out as 
in step Se1. In step Sg2, system check for voice allocation is executed. More particularly, a device to handle the 
synthesis is determined for each voice (timbre) out of the CPU and the LSI sound source. The criteria for this allocation 
will be described hereunder. Generally, the sound source has unique disposition of available timbres, so that an indi- 
vidual timbre can be specified by a unique timbre code. Thus, it is possible to implement a table containing the list of 
the timbre codes of the percussive tones in advance, in order to discriminate between the tones to be handled by the 
CPU 10 in case that the timbre code detected for the relevant event is found in the table, and the other tones to be 
handled by the LSI sound source 22. However in the present embodiment, the allocation criteria may not be limited to 
the timbre code. It is possible to setup timbre handling means under the manual mode, in such a manner that a certain 
timbre is to be handled by the CPU, and another timbre is to be handled by the sound source. Each tone can also be 
allocated depending upon the number of the channels which can be used for simultaneous synthesizing. Further, under 
a compulsory mode, each tone can be allocated forcibly by other running programs. 

[0116] For the tones allocated to the LSI sound source, vacant channels are created by the voice allocation process 
in step Sg3 as in step Se4 (Figure 1 5). In step Sg4, the waveform relevant to the key-on event is synthesized through 
the vacant channels. The synthesizing method for this operation is not limited to the FM mode, the harmonics synthe- 
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sizing mode or the physical modeling mode, but it is possible to use, for example, PCM mode to read out the wave 
data from the waveform memory 25, depending upon the characteristics of the installed sound source 22. On the other 
hand, for the timbres allocated to the CPU, the CPU synthesizing allocation procedure is done in order to generate an 
allocation command to generate wave data relevant to the detected event in step Sg5 as in step Se7 (Figure 15), If 
the allocation command is available, the detection in step Sg6 results in "Yes", and the synthesizing calculation in step 
Sg7 is executed to generate a waveform relevant to the allocation command. The synthesis of the waveform is effected 
by the waveform memory readout mode in order to reduce the load for the CPU as described before. On the other 
hand, when the allocation command is not available, the detection in step Sg6 results in "No", and the procedure returns. 
[0117] In this second embodiment, musical sounds can be allocated selectively to the CPU and the sound source 
according to their timbres so that the optimum distribution of the processing load for the CPU and the sound source is 
possible, and the various timbres can be generated while retaining the quality of the reproduced sounds. For summary, 
the input device provides performance information which contains timbre information effective to specify a timbre of 
the musical sound and timing information effective to specify a timing of generation of the musical sound. One of the 
first waveform generator and the second waveform generator is designated in correspondence with the timbre infor- 
mation so that the output device generates the musical sound having the specified timbre at the specified timing. 
[0118] In the first and second embodiments, the synthesizing process for one tone is executed in the channels pro- 
vided on the CPU or in the other channels provided in the sound source. However, the synthesizing process for a tone 
can be executed by both of the CPU and the sound source. In this arrangement, it is possible to use the harmonics 
synthesizing mode in the CPU side, and to use a mode other than the harmonics synthesizing, e.g., the FM mode in 
the sound source side, so'that variational tones can be generated because the same tone is synthesized by the different 
calculation modes. The purpose of a third embodiment is directed to the very point. In the third embodiment, the LSI 
sound source is assumed to be installed in the system as shown in Figures 1 and 24. With respect to the waveform 
synthesizing program, the synthesizing process using the selected hardware device (Figures 15 and 16) is replaced 
with the process shown in Figure 19. More particularly, the synthesizing process using the selected hardware in step 
Sa34 (Figure 1 1 ) is substituted for the process shown in Figure 1 9. The substituted process will be described hereunder, 
while omitting the explanation of the other processes for avoiding duplicated description. 

[0119] In this embodiment, upon advancing forward to step Sa34, the synthesizing program runs to execute the 
synthesizing process using the selected hardware as shown in Figure 19. In step Sh1 , the event detection is carried 
out as in steps Se1 and Sg1 . In step Sh2, system check for voice allocation is executed. More particularly, a device to 
handle the synthesis is determined for each voice (tone) out of the CPU and the LSI sound source. The criteria for this 
allocation may be the timbre code, number of channels available for simultaneous synthesizing, or the setup configured 
by the manual or compulsory mode, as in the second embodiment. For the tones allocated to the LSI sound source, 
vacant channels are prepared by the voice allocation process in step Sh3 as in step Se4 (Figure 15). In step Sh4, the 
waveform relevant to the note-on event is synthesized through the vacant channels. The synthesizing method for this 
operation is not limited to the FM mode or the harmonics synthesizing method, but it is possible to use, for example, 
the physical modeling mode and the PCM mode to read out the wave data from the waveform memory 25 depending 
upon the characteristics of the installed sound source 22. On the other hand, for the tones allocated to the CPU, the 
CPU synthesizing allocation procedure is done in order to generate an allocation command relevant to the detected 
note-on event in step Sh5 as in step Se7 (Figure 15). Information about the calculation method is included in the 
allocation command. The voice allocated to both of the CPU and the sound source is processed in steps Sh3 and step 
Sh4 by the LSI sound source, while the same voice is processed in steps Sh5 by the CPU. These processes are 
executed in parallel. If the allocation command is available, the detection in step Sh6 results in "Yes", and the synthe- 
sizing calculation in step Sh7 is executed to generate a waveform relevant to the allocation command. Unlike the 
second embodiment, the synthesizing calculation is done by various modes including the FM, harmonics synthesizing, 
physical modeling and so on. On the other hand, if the allocation command is not available, the detection in step Sh6 
results in "No", and the procedure returns. 

[01 20] In the third embodiment, a voice (tone) can be allocated to both of the CPU and the LSI sound source so that 
different wave data can be reproduced for the same tone actually. Due to this feature, the third embodiment can also 
diversify the tones of the system. For summary, both of the first waveform generator and the second waveform generator 
are coincidently designated so that the controller device operates both of the first waveform generator and the second 
waveform generator to concurrently create waveforms in parallel manner for a single timbre. 
[0121] A fourth embodiment will be explained hereunder. Even though the voice allocation mode is introduced in the 
embodiments described above, more simple implementation is possible. An event which can be allocated to a certain 
sound source device is simply allocated to the relevant device upon the event detection, provided that the device is 
installed in the system. The very implementation is provided in this fourth embodiment. The fourth embodiment assumes 
that the sound source 22 is installed as shown in Figure 1 or 24, as in the second and third embodiments. With respect 
to the waveform synthesizing program, the synthesizing process using the selected hardware device (Figures 15 and 
16) is replaced with the process shown in Figure 20. More particularly, the synthesizing process using the selected 
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hardware device in step Sa34 (Figure 11) is substituted for the process shown in Figure 20. The substituted process 
will be described hereunder, while omitting the explanation of the other processes for avoiding duplicated description. 
[01 221 In this embodiment, upon advancing forward to step Sa34, the synthesizing program runs to execute the 
synthesizing process using the selected hardware as shown in Figure 20. First of all, the event detection is carried out 
though this process is not illustrated. In step SM, voice allocation is executed to create a vacant channel in the LSI 
sound source. In step Si2, the waveform relevant to the detected event is actually synthesized using the vacant channel. 
The synthesizing method for this operation is not limited to the FM mode or the harmonics synthesizing mode, but it 
is possible to use, for example, the physical modeling mode and the PCM mode to read out the wave data from the 
waveform memory 25 depending upon the characteristics of the installed sound source 22. After the synthesizing, the 
procedure returns. Thus, in the fourth embodiment, an event which can be allocated to a certain sound source device 
is simply allocated to this device upon the event detection provided that this device is installed in the system. 
[0123] Figure 25 shows an additional embodiment of the inventive musical sound generating apparatus. This em- 
bodiment has basically the same construction as the first embodiment shown in Figure 1 . The same components are 
denoted by the same references as those of the first embodiment to facilitate better understanding of the additional 
embodiment. The storage unit 15 can store various data such as waveform data and various programs including the 
system control program or basic program, the waveform synthesizing program and other application programs. Nor- 
mally, the ROM 11 provisionally stores these programs. However, if not, any program may be loaded into a hard disk 
or else in the storage unit 15. The loaded program is transferred to the RAM 13 to enable the CPU 10 to operate the 
inventive system of the musical sound generating apparatus. By such a manner, new or version-up programs can be 
readily installed in the system. For this purpose, a machine-readable media such as a CD-ROM (Compact Disc Read 
Only Memory) 51 is utilized to install the program. The CD-ROM 51 is set into a CD-ROM drive 52 to read out and 
download the program from the CD-ROM 51 into the storage unit 1 5 through the bus 1 2. The machine-readable media 
may be composed of a magnetic disk or an optical disk other than the CD-ROM 51 . 

[0124] A communication interface 53 is connected to an external server computer 54 through a communication net- 
work 55 such as LAN (Local Area Network), public telephone network and INTERNET. If the storage unit 15 does not 
reserve needed data or program, the communication interface 53 is activated to receive the data or program from the 
server computer 54. The CPU 10 transmits a request to the server computer 54 thorough the interface 53 and the 
network 55. In response to the request, the server computer 54 transmits the requested data or program to the appa- 
ratus. The transmitted data or program is stored in the hard disk of the storage unit 15 to thereby complete the down- 
loading. 

[0125] The inventive musical sound generating apparatus can be implemented by a personal computer which is 
installed with the needed data and programs. In such a case, the data and programs are provided to the user by means 
of the machine-readable media such as the CD-ROM 51 or a floppy disk. The machine-readable media contains in- 
structions for causing the personal computer to perform the inventive musical sound generating method as described 
in conjunction with the previous embodiments. Otherwise, the personal computer may receive the data and programs 
through the communication network 55. 

[0126] In the embodiments described above, the optional devices including the co-processor 17, DSP 21, sound 
source 22 are referred to as exemples, but the optional device is not limited to these devices. The present invention 
can be utilized in the application systems such as personal computer, electronic musical instrument, game machine 
and so on in which the musical sound is generated. 

[0127] As shown in the foregoing, according to the present invention, various effects can be derived. It is possible 
to generate various musical sounds and to reduce a processing load required for musical sound generation. The musical 
sound can be generated at the optimum sample frequency for the configuration of the apparatus. The structure for 
generating the wave data of the musical sound can be significantly simplified. The quality of the generated musical 
sound can be retained even in low performance hardware. The musical sound can be generated according to the 
performance information even if the volume of the performance information becomes large. 



Claims 

1 . A musical sound generating apparatus for creating a waveform to generate a musical sound according to perform- 
ance information (MIDI, KBD), comprising: first waveform generator means (22) operable for creating a waveform; 
second waveform generator means operable independently from the first waveform generator means (22) for 
creating a waveform; input means (14) for providing performance information (MIDI, KBD); designating means for 
designating at least one of the first waveform generator means (22) and the second waveform generator means 
in correspondence with the provided performance information (MIDI, KBD); controller means (10) for selectively 
operating the designated one of the first waveform generator means (22) and the second waveform generator 
means to create the waveform according to the provided performance information (MIDI, KBD); and output means 
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(23) for generating the musical sound based on the created waveform, characterized in that the first waveform 
generator means (22) is composed of a hardware module driven by the controller means (10), while the second 
waveform generator means is composed of a software module installable in the controller means (10). 

A musical sound generating apparatus according to claim 1 , wherein the input means (14) comprises means for 
providing performance information (MIDI, KBD) which contains timbre information effective to specify a timbre of 
the musical sound and timing information effective to specify a timing of generation of the musical sound, and 
wherein the designating means comprises means for designating one of the first waveform generator means (22) 
and the second waveform generator means in correspondence with the timbre information so that the output means 
(23) generates the musical sound having the specified timber at the specified timing. 

A musical sound generating apparatus according to claim 1, wherein the designating means includes means op- 
erable if desired for coincidentally designating both of the first waveform generator means (22) and the second 
waveform generator means so that the controller means (1 0) operates both of the first waveform generator means 
(22) and the second waveform generator means to concurrently create waveforms in parallel manner. 

A musical sound generating apparatus according to claim 1 , wherein the input means comprises means for pro- 
viding performance information (MIDI, KBD) effective to command concurrent generation of a plurality of musical 
sounds, and wherein the designating means comprises means for designating one of the first waveform generator 
means (22) and the second waveform generator means according to a number of concurrent musical sounds 
specified by the performance information (MIDI, KBD) such that the designated one has a capacity sufficient to 
create a number of waveforms corresponding to the number of the musical sounds. 

A musical sound generating apparatus according to claim 4, wherein the designating means further comprises 
means operative when the number of the concurrent musical sounds exceeds a capacity of either of the first 
waveform generator means (22) and the second waveform generator means for designating both of the first wave- 
form generator means (22) and the second waveform generator means to ensure complete generation of the 
concurrent musical sounds. 



A musical sound generating apparatus according to claim 1 , wherein the first waveform generator means (22) 
comprises an external waveform generator optionally connectable to the controller means (10) while the second 
waveform generator means comprises an internal waveform generator integrated with the controller means (10) 
so that the designating means designates the internal waveform generator in place of the external waveform gen- 
erator when the same is not connected to the controller means (1 0) even though the external waveform generator 
should primarily correspond to the provided performance information (MIDI, KBD). 

A musical sound generating apparatus according to claim 1 , wherein the second waveform generator means, the 
input means (14), the designating means and the controller means (1 0) are integrated with each other to constitute 
a main part composed of a computer, while the first waveform generator means (22) alone constitutes a supple- 
mentary part which is separate from the main part and which is optionally installable in the computer. 

A musical sound generating apparatus according to claim 1 , wherein the second waveform generator means com- 
prises a plurality of digital waveform generators which are operable based on different algorithms to arithmetically 
create digital waveforms having different qualities, and wherein the controller means (10) comprises means for 
selectively operating an optimal one of the digital waveform generators according to the provided performance 
information (MIDI, KBD). 



A musical sound generating apparatus according to claim 8, wherein the second waveform generator means in- 
cludes a digital waveform generator of a waveform memory type operable based on a relatively simple algorithm 
to create a digital waveform having a relatively low quality, and another digital waveform generator operable based 
on a relatively complicated algorithm to create another digital waveform having a relatively high quality. 

A musical sound generating apparatus according to claim 1 , wherein the second waveform generator means com- 
prises a computerized waveform generator operable according to a given algorithm at a variable operation speed 
to create a digital waveform by successively computing sample values of the digital waveform, and wherein the 
controller means (10) comprises means for provisionally operating the computerized waveform generator to carry 
out trial creation of a model digital waveform while measuring the operation speed at which the trial creation is 
carried out, determining means for optimally determining a sampling frequency comparable to the measured op- 
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20. A musical sound generating method according to claim 15, wherein the preparing steps comprise preparing the 
first waveform generator (22) composed for an external waveform generator optionally connectable to the controller 
and the second waveform generator composed of an internal waveform generator integrated with the controller 
(1 0) so that the internal waveform generator is designated in place of the external waveform generator when the 
same is not connected to the controller (10) even though the external waveform generator should primarily corre- 
spond to the provided performance information (MIDI, KBD). 

21. A musical sound generating method according to claim 15, wherein the preparing step comprises preparing the 
second waveform generator composed of a plurality of digital waveform generators which are operable based on 
different algorithms to arithmetically create digital waveforms having different qualities, and wherein the operating 
step comprises selectively operating an optimal one of the digital waveform generators according to the provided 
performance information (MIDI, KBD). 

22. A musical sound generating method according to claim 21 , wherein the preparing step comprises preparing the 
second waveform generator including a digital waveform generator of a waveform memory type operable based 
on a relatively simple algorithm to create a digital waveform having a relatively low quality, and another digital 
waveform generator operable based on a relatively complicated algorithm to create another digital waveform having 
a relatively high quality. 

23. A musical sound generating method according to claim 15, wherein the preparing step comprises preparing the 
second waveform generator composed of a computerized waveform generator operable according to a given al- 
gorithm at a variable operation speed to create a digital waveform by successively computing sample values of 
the digital waveform, and wherein the operating step comprises steps of provisionally operating the computerized 
waveform generator to carry out trial creation of a model digital waveform while measuring the operation speed at 
which the trial creation is carried out, optimally determining a sampling frequency comparable to the measured 
operation speed, and actually operating the computerized waveform generator to enable the same to successively 
compute sample values of an actual digital waveform at the determined sampling frequency according to the pro- 
vided performance information (MIDI, KBD). 

24. A musical sound generating method according to claim 23, wherein the determining step comprises fixing the 
sampling frequency to one of stepwise predetermined levels, which is lower than and closest to the measured 
operation speed. 

25. A musical sound generating method according to claim 23, wherein the operating step further comprises changing 
the algorithm to raise the operation speed of the computerized waveform generator so that the sampling frequency 
can be redetermined to exceed the critical level when the determined sampling frequency falls below a critical 
level which is defined to ensure a minimal quality of the digital waveform. 

26. A musical sound generating method according to claim 25, wherein the changing step comprises changing the 
algorithm from a complicated one to a simplified one such that the computerized waveform generator operates 
based on the simplified one of the algorithm to successively read out prestored ones of sample values to repro- 
ductively create the digital waveform. 

27. A musical sound generating method according to claim 26, wherein the preparing step comprises preparing the 
computerized waveform generator which successively reads out prestored ones of sample values which are pro- 
visionally computed according to the complicated algorithm before the same is changed to the simplified algorithm. 

28. A machine readable media containing instructions for causing said machine providing a first waveform generator 
(22), which is a hardware module, to perform a method of creating a waveform to generate a musical sound ac- 
cording to performance information (MIDI, KBD), the method comprising the steps of: providing said first waveform 
generator (22) with performance information (MID, KBD) operable for creating a waveform; providing a second 
waveform generator composed of a software module operable independently from the first waveform generator 
(22) for creating a waveform; designating at least one of the first waveform generator (22) and the second waveform 
generator in correspondence with the provided performance information (MIDI, KBD); selectively operating the 
designated one of the first waveform generator (22) and the second waveform generator by means of a controller 
(1 0) to create the waveform according to the provided performance information (MIDI, KBD); and generating the 
musical sound based on the created waveform. 
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29. A machine readable media according to claim 28, wherein the providing step comprises providing performance 
information (MIDI, KBD) which contains timbre information effective to specify a timbre of the musical sound and 
timing information effective to specify a timing of generation of the musical sound, and wherein the designating 
step comprises designating one of the first waveform generator (22) and the second waveform generator in cor- 
respondence with the timbre information so that the musical sound having the specified timber is generated at the 
specified timing. 

30. A machine readable media according to claim 28, wherein the designating step inciudesJLdesired, coincidentally 
designating both of the first waveform generator (22) and the second waveform generator so that the controller 
(10) operates both of the first waveform generator (22) and the second waveform generator to concurrently create 
waveforms in parallel manner. 

31. A machine readable media according to claim 28, wherein the providing step comprises providing performance 
information (MIDI, KBD) effective to command concurrent generation of a plurality of musical sounds, and wherein 
the designating step comprises designating one of the first waveform generator (22) and the second waveform 
generator according to a number of concurrent musical sounds specified by the performance information (MIDI, 
KBD) such that the designated one has a capacity sufficient to create a number of waveforms corresponding to 
the number of the musical sounds. 

32. A machine readable media according to claim 31 , wherein the designating step further comprises designating both 
of the first waveform generator (22) and the second waveform generator to ensure complete generation of the 
concurrent musical sounds when the number of the concurrent musical sounds exceeds a capacity of either of the 
first waveform generator (22) and the second waveform generator. 

33. A machine readable media according to claim 28, wherein the preparing steps comprise preparing the first wave- 
form generator (23) composed for an external waveform generator optionally connectable to the controller (10) 
and the second waveform generator composed of an internal waveform generator integrated with the controller 
(1 0) so that the internal waveform generator is designated in place of the external waveform generator when the 
same is not connected to the controller (1 0) even though the external waveform generator should primarily corre- 
spond to the provided performance information (MIDI, KBD). 

34. A machine readable media according to claim 28, wherein the preparing step comprises preparing the second 
waveform generator composed of a plurality of digital waveform generators which are operable based on different 
algorithms to arithmetically create digital waveforms having different qualities, and wherein the operating step 
comprises selectively operating an optimal one of the digital waveform generators according to the provided per- 
formance information (MIDI, KBD). 

35. A machine readable media according to claim 34, wherein the preparing step comprises preparing the second 
waveform generator including a digital waveform generator of a waveform memory type operable based on a 
relatively simple algorithm to create a digital waveform having a relatively low quality, and another digital waveform 
generator operable based on a relatively complicated algorithm to create another digital waveform having a rela- 
tively high quality. 

36. A machine readable media according to claim 28, wherein the preparing step comprises preparing the second 
waveform generator composed of a computerized waveform generator operable according to a given algorithm at 
a variable operation speed to create a digital waveform by successively computing sample values of the digital 
waveform, and wherein the operating step comprises steps of provisionally operating the computerized waveform 
generator to carry out trial creation of a model digital waveform while measuring the operation speed at which the 
trial creation is carried out, optimally determining a sampling frequency comparable to the measured operation 
speed, and actually operating the computerized waveform generator to enable the same to successively compute 
sample values of an actual digital waveform at the determined sampling frequency according to the provided 
performance information (MIDI, KBD). 

37. A machine readable media according to claim 36, wherein the determining step comprises fixing the sampling 
frequency to one of stepwise predetermined levels, which is lower than and closest to the measured operation 
speed. 

38. A machine readable media according to claim 36, wherein the operating step further comprises changing the 
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algorithm to raise the operation speed of the computerized waveform generator so that the sampling frequency 
can be redetermined to exceed the critical level when the determined sampling frequency falls below a critical 
level which is defined to ensure a minimal quality of the digital waveform. 

39. A machine readable media according to claim 38, wherein the changing step comprises changing the algorithm 
from a complicated one to a simplified one such that the computerized waveform generator operates based on 
the simplified one of the algorithm to successively read out prestored ones of sample values to reproductively 
create the digital waveform. 

40. A machine readable media according to claim 39, wherein the preparing step comprises preparing the computer- 
ized waveform generator which successively reads out prestored ones of sample values which are provisionally 
computed according to the complicated algorithm before the same is changed to the simplified algorithm. 



Patentanspruche 

1. Musikklangerzeugungsgerat zur Erzeugung einer Wellenform, urn einen Musikklang gemaB Spielinformationen 
(MIDI, KBD) zu erzeugen, welches folgendes aufweist: erstes Wellenformgeneratormittel (22), das zum Erzeugen 
einer Wellenform betreibbar ist; zweites Wellenformgeneratormittel, das unabhangig von dem ersten Wellenform- 
generatormittel (22) zum Erzeugen einer Wellenform betreibbar ist; Eingabemittel (14) zum Bereitstellen von Spiel- 
information (MIDI, KBD); Zuweisungsmittel zum Zuweisen mindestens eines von erstem Wellenformgeneratormit- 
tel (22) und zweitem Wellenformgeneratormittel entsprechend der bereitgestellten Spielinformation (MIDI, KBD); 
Steuermittel (10)zumselektiven Betreiben deszugewiesenen der ersten Wellenformgeneratormittel (22) undzwei- 
ten Wellenformgeneratormittel urn eine Wellenform gemaB der bereitgestellten Spielinformation (MIDI, KBD) zu 
erzeugen; und Ausgabemittel (23) zum Erzeugen des Musikklangs auf Grundlage der erzeugten Wellenform, 
dadurch gekennzeichnet, da!3 

das erste Wellenformgeneratormittel (22) aus einem Hardware-Modul besteht, welches von dem Steuermittel (1 0) 
gesteuert wird, wahrend das zweite Wellenformgeneratormittel aus einem Software-Modul besteht, das auf dem 
Steuermittel (1 0) installierbar ist. 

2. Musikklangerzeugungsgerat nach Anspruch 1 , wobei das Eingabemittel (1 4) ein Mittel zum Bereitstellen von Spiel- 
information (MIDI, KBD) aufweist, welches Klangfarbeninformation enthalt, welche die Festlegung einer Klangfarbe 
zur Erzeugung des Musikklangs bewirkt, und Zeitinformation, welche die Festlegung einer Zeit zur Erzeugung des 
Musikklangs bewirkt, und wobei das Zuweisungsmittel Mittel aufweist zum Zuweisen eines von erstem Wellen- 
formgeneratormittel (22) und zweitem Wellenformgeneratormittel entsprechend der Klangfarbeninformation, so 
daQ das Ausgabemittel (23) den Musikklang erzeugt, der die festgelegte Klangfarbe in der festgelegten Zeit besitzt. 

3. Musikklangerzeugungsgerat nach Anspruch 1 , wobei das Zuweisungsmittel Mittel enthalt die, falls erwunscht, zum 
gleichzeitigen Zuweisen sowohl des ersten Wellenformgeneratormittels (22) als auch des zweiten Weilenformge- 
neratormittels betreibbar sind, so daB das Steuermittel (10) sowohl das erste Wellenformgeneratormittel (22) als 
auch das zweite Wellenformgeneratormittel betreibt, so daf3 diese gleichzeitig Wellenformen parallel erzeugen. 

4. Musikklangerzeugungsgerat nach Anspruch 1 , wobei das Eingabemittel Mittel zum Bereitstellen von Spielinfor- 
mation (MIDI, KBD) aufweist, welche das Anweisen gleichzeitiger Erzeugung mehrerer musikalischer Klange be- 
wirken, und wobei das Zuweisungsmittel Mittel aufweist, eines von erstem Wellenformgeneratormittel (22) und 
zweitem Wellenformgeneratormittel entsprechend einer Anzahl von gleichzeitigen Klangen, welche durch die 
Spielinformation (MIDI, KBD) festgelegt sind, so zuzuweisen, daf3 das zugewiesene eine Kapazitat besitzt, die 
ausreicht, eine Anzahl an Wellenformen zu erzeugen, die der Anzahl an Musikklangen entspricht. 

5. Musikklangerzeugungsgerat nach Anspruch 4, wobei das Zuweisungsmittel ferner Mittel aufweist, welche, wenn 
die Anzahl der gleichzeitigen Musikklange die Kapazitat jedes der ersten Wellenformgeneratormittel (22) und zwei- 
ten Wellenformgeneratormittel ubersteigt, das Zuweisen sowohl des ersten Wellenformgeneratormittels (22) als 
auch des zweiten Wellenformgeneratormittels bewirken, urn die vollstandige Erzeugung der gleichzeitigen Musik- 
klange sicherzustellen. 

6. Musikklangerzeugungsgerat nach Anspruch 1, wobei das erste Wellenformgeneratormittel (22) einen externen 
Wellenformgenerator aufweist , der wahlweise mit dem Steuermittel (10) verbindbar ist, wahrend das zweite Wel- 
lenformgeneratormittel einen internen Wellenformgenerator aufweist, der in das Steuermittel (10) integriert ist, so 
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daB das Zuweisungsmittel den internen Wellenformgenerator anstelle des externen Wellenformgenerators zu- 
weist, wenn selbiger nicht mit dem Steuermittel (10) verbunden ist, selbst wenn der externe Wellenformgenerator 
primar der bereitgestellte Spielinformation (MIDI, KBD) zugeordnet sein sollte. 

7. Musikklangerzeugungsgerat nach Anspruch 1 , wobei das zweite Wellenformerzeugungsmittel, das Eingabemittel 
(14), das Zuweisungsmittel und das Steuermittel (10) miteinander integriert sind, so daB sle ein Hauptteil bllden, 
das aus einem Computer besteht, wahrend das erste Wellenformgeneratormittel (22) alleln ein Zusatzteil bildet, 
welches separat vom Hauptteil ist und welches wahlweise auf derrLComputer installierbar ist. 

8. Musikklangerzeugungsgerat nach Anspruch 1 , wobei das zweite Wellenformgeneratormittel mehrere digitale Wei- 
lenformgeneratoren aufweist, welche auf Grundlage verschiedener Algorithmen betreibbar sind, urn arithmetisch 
digitale Wellenformen zu erzeugen, welche unterschiedliche Qualitat besitzen, und wobei das Steuermittel (10) 
Mittel zum selektiven Betreiben eines gemaB der bereitgestellten Spielinformation (MIDI, KBD) optimaien digitalen 
Wellenformgenerators aufweist. 

9. Musikklangerzeugungsgerat nach Anspruch 8, wobei das zweite Wellenformgeneratormittel einen digitalen Wel- 
lenformgenerator eines Wellenfomspeichertyps enthalt, der auf Grundlage eines relativ einfachen Algorithmus 
betreibbar ist, urn eine digitale Wellenform mit einer relativ niedrigen Qualitat zu erzeugen, sowie einen weiteren 
digitalen Wellenformgenerator, der auf Grundlage eines relativ komplizierten Algorithmus betreibbar ist, urn eine 
digitale Wellenform mit einer relativ hohen Qualitat zu erzeugen. 

10. Musikklangerzeugungsgerat nach Anspruch 1 , wobei das zweite Wellenformgeneratormittel einen computerisier- 
ten Wellenformgenerator aufweist, der gemaB einem gegebenen Algorithmus mit einer veranderlichen Arbeitsge- 
schwindigkeit betreibbar ist, urn eine digitale Wellenform durch sukzessives Berechnen von Abtastwerten der di- 
gitalen Wellenform zu erzeugen, und wobei das Steuermittel (10) folgendes aufweist: Mittel zum provisorischen 
Betreiben des computerisierten Wellenformgenerators, urn versuchsweise die Erzeugung einer digitalen Muster- 
wellenform auszufuhren, wahrend es die Arbeitsgeschwindigkeit miBt, mit welcher die versuchsweise Erzeugung 
ausgefuhrt wird, Bestimmungsmittel zum optimaien Bestimmen einer Abtastfrequenz, die vergleichbar ist mit der 
gemessenen Arbeitsgeschwindigkeit, und Mittel zum tatsachlichen Betreiben des computerisierten Wellenform- 
generators, urn selbigem zu ermoglichen, nacheinander Abtastwerte einer tatsachlichen digitalen Wellenform be! 
der bestimmten Abtastfrequenz gemaB der bereitgestellten Spielinformation (MIDI, KBD) zu ermoglichen. 

11. Musikklangerzeugungsgerat nach Anspruch 10, wobei das Bestimmungsmittel Mittel aufweist zum Festlegen der 
Abtastfrequenz auf eine von schrittweise vorgegebenen Stufen, die niedriger als die Arbeitsgeschwindigkeit und 
dieser am nachsten ist. 

12. Musikklangerzeugungsgerat nach Anspruch 10, wobei das^Steuermittel (10) femer ein Wechselmittel aufweist, 
welches, wenn die bestimmte Abtastfrequenz unter eine kritische Stufe fallt, die festgesetzt ist, urn eine Mindest- 
qualitat der Wellenform sicherzustellen, den Algorithmus wechselt, urn die Arbeitsgeschwindigkeit des compute- 
risierten Wellenformgenerators anzuheben, so daB die Abtastfrequenz neu bestimmt werden kann, urn die kritische 
Stufe zu uberschreiten. 

13. Musikklangerzeugungsgerat nach Anspruch 12, wobei das Wechselmittel Mittel zum Wechseln des Algorithmus 
von einem komplizierten zu einem vereinfachten aufweist, so daB der computerisierte Wellenformgenerator auf 
Grundlage des vereinfachten Algorithmus arbeitet, urn nacheinander die vorgespeicherten Abtastwerte auszule- 
sen, um die digitale Wellenform sich fortpflanzend zu erzeugen. 

14. Musikklangerzeugungsgerat nach Anspruch 13, wobei der computerisierte Wellenformgenerator nacheinander 
die vorgespeicherten Abtastwerte ausliest, welche vorlaufig nach dem komplizierten Algorithmus berechnet sind, 
bevor von selbigem zu dem vereinfachten Algorithmus gewechselt wird. 

15. Musikklangerzeugungsverfahren zur Erzeugung einer Wellenform, um einen Musikklang gemaB Spielinformatio- 
nen (MIDI, KBD) zu erzeugen, welches folgende Schritte aufweist: Bereitstellen eines ersten Wellenformgenera- 
tors (22), der zum Erzeugen einer Wellenform betreibbar ist; Bereitstellen eines zweiten Wellenformgenerators, 
der unabhangig von dem ersten Wellenformgenerator (22) zum Erzeugen einer Wellenform betreibbar sind; Be- 
reitstellen von Spielinformation (MIDI, KBD); Zuweisen mindestens eines von erstem Wellenformgenerator' (22) 
und zweitem Wellenformgenerator entsprechend der bereitgestellten Spielinformation (MIDI, KBD); selektives Be- 
treiben des zugewiesenen von erstem Wellenformgenerator (22) und zweitem Wellenformgenerator durch ein 
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Steuermittel (10), urn die Wellenform gemaB der bereitgestellten Spielinformation (MIDI, KBD) zu erzeugen; und 
Erzeugen des Musikklangs auf Grundlage der erzeugten Wellenform, 
dadurch gekennzeichnet, daB 

die Schritte des Bereistellens das Bereitstellen des ersten Wellenformgenerators (22) umfassen, der aus einem 
Hardware-Modul besteht, welches von dem Steuermittel (10) gesteuert wird, und des zweiten Wellenformgene- 
rators, der aus einem Software-Modul besteht, das auf dem Steuermittel installierbar ist. 

16. Musikklangerzeugungsverfahren nach Anspruch 15, wgbei der Schritt des Bereitstellens das Bereitstellen von 
Spielinformation (MIDI, KBD) umfaBt, welche Klangfarbeninformation enthalt, welche die Festlegung einer Klang- 
farbezurErzeugung des Musikklangs bewirkt, undZeitinformation, welche die Festlegung einer Zeitzur Erzeugung 
des Musikklangs bewirkt, und wobei der Zuweisungsschritt das Zuweisen entweder des ersten Wellenformgene- 
rators (22) Oder des zweiten Wellenformgenerators entsprechend der Klangfarbeninformation umfaBt, so daB der 
Musikklang, der die festgelegte Klangfarbe besitzt, zu der festgelegten Zeit erzeugt wird. 

17. Musikklangerzeugungsverfahren nach Anspruch 15, wobei der Zuweisungsschritt, falls erwunscht, das gleichzei- 
tige Zuweisen des ersten Wellenformgenerators (22) und des zweiten Wellenformgenerators umfaBt, so daB das 
Steuermittel (1 0) sowohl den ersten Wellenformgenerator (22) als auch den zweiten Wellenformgenerator betreibt, 
so daB diese gleichzeitig Wellenformen parallel erzeugen. 

18. Musikklangerzeugungsverfahren nach Anspruch 15, wobei der Schritt des Bereitstellens das Bereitstellen von 
Spielinformation (MIDI, KBD) umfaBt, welche das Anweisen gleichzeitiger Erzeugung mehrerer musikalischer 
Klange bewirkt, und wobei der Zuweisungsschritt das Zuweisen entweder des ersten Wellenformgenerators (22) 
Oder des zweiten Wellenformgenerators, entsprechend einer Anzahl von gleichzeitigen Klangen, welche durch die 
Spielinformation (MIDI, KBD) festgelegtsind, umfaBt, so daBderzugewieseneeine Kapazitat besitzt, dieausreicht, 
eine Anzahl an Wellenformen zu erzeugen, die der Anzahl an Musikklangen entspricht. 

19. Musikklangerzeugungsverfahren nach Anspruch 18, wobei der Zuweisungsschritt weiter das Zuweisen sowohl 
des ersten Wellenformgenerators (22) als auch des zweiten Wellenformgenerators umfaBt, urn die vollstandige 
Erzeugung der gleichzeitigen Musikklange sicherzustellen, wenn die Anzahl der gleichzeitigen Musikkiange die 
Kapazitat sowohl des ersten Wellenformgenerators (22) als auch des zweiten Wellenformgenerators ubersteigt. 

20. Musikklangerzeugungsverfahren nach Anspruch 15, wobei die Vorbereitungsschritte das Vorbereiten des ersten 
Wellenformgenerators (22) der aus einem externen Wellenformgenerator besteht, der wahlweise mit dem Steu- 
ermittel (1 0) verbindbar ist, und des zweiten Wellenformgenerators, der aus einem internen Wellenformgenerator 
besteht, der mit dem Steuermittel (10) integriert ist, umfassen, so daB der interne Wellenformgenerator anstelle 
des externen Wellenformgenerators zugewiesen wird, wenn selbiger nicht mit dem Steuermittel (10) verbunden 
ist, selbst wenn der externe Wellenformgenerator primar der bereitgestellten Spielinformation (MIDI, KBD) zuge- 
ordnet sein sollte. 

21. Musikklangerzeugungsverfahren nach Anspruch 15, wobei der Vorbereitungsschritt das Vorbereiten des zweiten 
Wellenformgenerators umfaBt, der aus mehreren digitalen Wellenformgeneratoren besteht, welche auf Grundlage 
verschiedener Algorithmen betreibbar sind, urn arithmetisch digitale Wellenformen zu erzeugen, welche unter- 
schiedliche Eigenschaften haben, und 

wobei der Schritt des Betreibens das selektive Betreiben eines gemaB der bereitgestellten Spielinformation (MIDI, 
KBD) optimalen digitalen Wellenformgenerators umfaBt. 

22. Musikklangerzeugungsverfahren nach Anspruch 21 , wobei der Vorbereitungsschritt das Vorbereiten des zweiten 
Wellenformgenerators umfaBt, der einen digitalen Wellenformgenerator eines Wellenfomspeichertyps enthalt, der 
auf Grundlage eines relativ einfachen Algorithmus betreibbar ist, urn eine digitale Wellenform mit einer relativ 
niedrigen Qualitat zu erzeugen, sowie einen weiteren digitalen Wellenformgenerator, der auf Grundlage eines 
relativ komplizierten Algorithmus betreibbar ist, urn eine digitale Wellenform mit einer relativ hohen Qualitat zu 
erzeugen. 

23. Musikklangerzeugungsverfahren nach Anspruch 15, wobei der Vorbereitungsschritt das Vorbereiten des zweiten 
Wellenformgenerators umfaBt, der aus einem computerisierten Wellenformgenerator besteht, der gemaB einem 
gegebenen Algorithmus mit einer veranderlichen Arbeitsgeschwindigkeit betreibbar ist, urn eine digitale Wellen- 
form durch sukzessives Berechnen von Abtastwerten der digitalen Wellenform zu erzeugen, und wobei der Schritt 
des Betreibens die folgenden Schritte umfaBt: provisorisches Betreiben des computerisierten Wellenformgenera- 
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tors, urn versuchsweise Erzeugung einerdigitalen Musterwellenform auszufuhren, wahrend die Arbeitsgeschwin- 
digkeit gemessen wird, mit welcher die versuchsweise Erzeugung ausgefuhrt wird, optimales Bestimmen einer 
Abtastfrequenz, die vergleichbar ist mit der gemessenen Arbeitsgeschwindigkeit, und tatsachliches Betreiben des 
computerisierten Wellenformgenerators, urn selbigem zu ermoglichen, nacheinander Abtastwerte einer tatsachli- 
chen digitalen Wellenform bei der bestimmten Abtastfrequenz gemaB der bereitgestellten Spielinformation (MIDI, 
KBD) zu berechnen. 

24. Musikklangerzeugungsverfahren nach Anspruch 23, wobei der Schritt des Bestimmens das Festlegen der Abtast- 
frequenz auf eine von schrittweise vorgegebenen Stufen, die niedriger als die Arbeitsgeschwindigkeit und dieser 
am nachsten ist, umfaBt. 

25. Musikklangerzeugungsverfahren nach Anspruch 23, wobei der Schritt des Betreibens weiter das Wechseln des 
Algorithmus umfaBt, urn die Arbeitsgeschwindigkeit des computerisierten Wellenformgenerators anzuheben, so 
daB die Abtastfrequenz neu bestimmt werden kann, urn die kritische Stufe zu uberschreiten, wenn die bestimmte 
Abtastfrequenz unter eine kritische Stufe fallt, die festgesetzt ist, urn eine Mindestqualitat der Wellenform sicher- 
zustellen. 

26. Musikklangerzeugungsverfahren nach Anspruch 25, wobei der Schritt des Wechselns das Wechseln des Algo- 
rithmus von einem komplizierten zu einem vereinfachten umfafSt, so daB der computerisierte Wellenformgenerator 
auf Grundlage des vereinfachten Algorithmus arbeitet, urn nacheinander die vorgespeicherten Abtastwerte aus- 
zulesen, urn die digitale Wellenform sich fortpflanzend zu erzeugen. 

27. Musikklangerzeugungsverfahren nach Anspruch 26, wobei der Vorbereitungsschritt das Vorbereiten des compu- 
terisierten Wellenformgenerators umfaBt, der nacheinander die vorgespeicherten Abtastwerte ausliest, welche 
vorlaufig nach dem komplizierten Algorithmus berechnet sind, bevor von selbigem zu dem vereinfachten Algorith- 
mus gewechselt wird. 



28. Maschineniesbares Medium, das Befehle enthalt, die Maschine, die einen ersten Wellenformgenerator (22) be- 
reitstellt, der ein Hardware-Modul ist, zu veranlassen, ein Verfahren der Erzeugung einer Wellenform auszufuhren, 
urn einen Musikklang gemaB Spielinformation (MIDI, KBD) zu erzeugen, wobei das Verfahren die folgenden Schrit- 
te aufweist: Versorgen eines ersten Wellenformgenerators (22) mit Spielinformation (MIDI, KBD), die zum Erzeu- 
gen einer Wellenform ausfuhrbar ist; Bereitstellen eines zweiten Wellenformgenerators bestehend aus einem Soft- 
ware-Modul, das unabhangig von dem ersten Wellenformgenerator (22) zum Erzeugen einer Wellenform betreib- 
bar ist; Zuweisen mindestens eines von erstem Wellenformgenerator (22) und zweitem Wellenformgenerator ent- 
sprechend der bereitgestellten Spielinformation (MIDI, KBD); selektives Betreiben des zugewiesenen ersten Wel- 
lenformgenerators (22) oder zweiten Wellenformgenerators mittels eines Steuermittels, urn die Wellenform gemaB 
der bereitgestellten Spielinformation (MIDI, KBD) zu erzeugen; und Erzeugen des Musikklangs auf Grundlage der 
erzeugten Wellenform. 

29. Maschineniesbares Medium nach Anspruch 28, wobei der Schritt des Bereitstellens das Bereitstellen von Spiel- 
information (MIDI, KBD) umfaBt, welche Klangfarbeninformation enthalt, welche die Festlegung einer Klangfarbe 
zur Erzeugung des Musikklangs bewirkt, und Zeitinformation, welche die Festlegung einer Zeit zur Erzeugung des 
Musikklangs bewirkt, und wobei der Zuweisungsschritt das Zuweisen eines von erstem Wellenformgenerator (22) 
und zweitem Wellenformgenerator entsprechend der Klangfarbeninformation umfaBt, so daB der Musikklang, der 
die festgelegte Klangfarbe besitzt, zu der festgelegten Zeit erzeugt wird. 

30. Maschineniesbares Medium nach Anspruch 28, wobei der Zuweisungsschritt, falls erwunscht, das gleichzeitige 
Zuweisen sowohl des ersten Wellenformgenerators (22) als auch des zweiten Wellenformgenerators umfaBt, so 
daB das Steuermittel (1 0) sowohl den ersten Wellenformgenerator (22) als auch den zweiten Wellenformgenerator 
betreibt, so daB diese gleichzeitig Wellenfomien parallel erzeugen. 

31. Maschineniesbares Medium nach Anspruch 28, wobei der Schritt des Bereitstellens das Bereitstellen von Spiel- 
information (MIDI, KBD) umfaBt, welche das Anweisen gleichzeitiger Erzeugung mehrerer musikalischer Klange 
bewirkt, und wobei der Zuweisungsschritt das Zuweisen entweder des ersten Wellenformgenerators (22) oder des 
zweiten Wellenformgenerators, entsprechend einer Anzahl von gleichzeitigen Klangen, welche durch die Spielin- 
formation (MIDI, KBD) festgelegt sind, umfaBt, so daB der zugewiesene eine Kapazitat besitzt, die ausreicht, eine 
Anzahl an Wellenformen zu erzeugen, die der Anzahl an Musikkiangen entspricht. 
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32. Maschinenlesbares Medium nach Anspruch 31, wobei der Zuweisungsschritt weiter das Zuweisen sowohl des 
ersten Wellenformgenerators (22) als auch des zweiten Wellenformgenerators umfaBt, urn die vollstandige Erzeu- 
gung dergieichzeitigen Musikklange sicherzustellen, wenn die Anzahl der gleichzeitigen Musikklange die Kapazitat 
sowohl des ersten Wellenformgenerators (22) als auch des zweiten Wellenformgenerators ubersteigt. 

5 

33. Maschinenlesbares Medium nach Anspruch 28, wobei die Vorbereitungsschritte das Vorbereiten des ersten Wel- 
lenformgenerators (22) der aus einem externen Wellenformgenerator besteht, der wahlweise mit dem Steuermittel 
(10) verbindbar ist, und des zweiten Wellenformgenerators, der aus einem internen Wellenformgenerator besteht, 
der mit dem Steuermittel (1 0) integriert ist, umfassen, so da(3 der interne Wellenformgenerator anstelle des exter- 

10 nen Wellenformgenerators zugewiesen wird, wenn selbiger nicht mit dem Steuermittel (10) verbunden ist, selbst 

wenn der externe Wellenformgenerator primar der bereitgestellten Spielinformation (MIDI, KBD) zugeordnet sein 
soilte. 

34. Maschinenlesbares Medium nach Anspruch 28, wobei der Vorbereitungsschritt das Vorbereiten des zweiten Wel- 
15 lenformgenerators umfaBt, der aus mehreren digitalen Wellenformgeneratoren besteht, welche auf Grundlage 

verschiedener Algorithmen betreibbar sind, urn arithmetisch digitale Wellenformen zu erzeugen, welche unter- 
schiedliche Qualitat haben, und wobei der Schritt des Betreibens das selektive Betreiben eines gemaB der bereit- 
gestellten Spielinformation (MIDI, KBD) optimalen digitalen Wellenformgenerators umfaBt. 

20 35. Maschinenlesbares Medium nach Anspruch 34, wobei der Vorbereitungsschritt das Vorbereiten des zweiten Wel- 
lenformgenerators umfaBt, der einen digitalen Wellenformgenerator eines Wellenfomspeichertyps enthalt, der auf 
Grundlage eines relativ einfachen Algorithmus betreibbar ist, urn eine digitale Wellenf orm mit einer relativ niedrigen 
Qualitat zu erzeugen, sowie einen weiteren digitalen Wellenformgenerator, der auf Grundlage eines relativ kom- 
plizierten Algorithmus betreibbar ist, urn eine digitale Wellenform mit einer relativ hohen Qualitat zu erzeugen. 

25 

36. Maschinenlesbares Medium nach Anspruch 28, wobei der Vorbereitungsschritt das Vorbereiten des zweiten Wel- 
lenformgenerators umfaBt, der aus einem computerisierten Wellenformgenerator besteht, der gemaB einem ge- 
gebenen Algorithmus mit einer veranderlichen Arbeitsgeschwindigkeit betreibbar ist, urn eine digitale Wellenform 
durch sukzessives Berechnen von Abtastwerten der digitalen Wellenform zu erzeugen, und wobei der Schritt des 

30 Betreibens die folgenden Schritte umfaBt: provisorisches Betreiben des computerisierten Wellenformgenerators, 

um versuchsweise Erzeugung einer digitalen Musterwellenform auszufuhren, wahrend die Arbeitsgeschwindigkeit 
gemessen wird, mit welcher die versuchsweise Erzeugung ausgefuhrt wird, optimales Bestimmen einer Abtast- 
frequenz, die vergleichbar ist mit der gemessenen Arbeitsgeschwindigkeit, und tatsachliches Betreiben des com- 
puterisierten Wellenformgenerators, um selbigem zu ermoglichen, nacheinander Abtastwerte einer tatsachlichen 

35 digitalen Wellenform bei der bestimmten Abtastfrequenz gemaB der bereitgestellten Spielinformation (MIDI, KBD) 

zu berechnen. 

37. Maschinenlesbares Medium nach Anspruch 36, wobei der Schritt des Bestimmens das Festlegen der Abtastfre- 
quenz auf eine von schrittweise vorgegebenen Stufen, die niedriger als die Arbeitsgeschwindigkeit und dieser am 

40 nachsten ist, umfaBt. 

38. Maschinenlesbares Medium nach Anspruch 36, wobei der Schritt des Betreibens weiter das Wechseln des Algo- 
rithmus umfaBt, um die Arbeitsgeschwindigkeit des computerisierten Wellenformgenerators anzuheben, wenn die 
bestimmte Abtastfrequenz unter eine kritische Stufe fallt, die festgesetzt ist, um eine Mindestqualitat der Wellen- 

45 form sicherzustellen, so daB die Abtastfrequenz neu bestimmt werden kann, um die kritische Stufe zu uberschrei- 

ten. 

39. Musikklangerzeugungsverfahren nach Anspruch 38, wobei der Schritt des Wechselns das Wechseln des Algo- 
rithmus von einem komplizierten zu einem vereinfachten umfaBt, so daB der computerisierte Wellenformgenerator 

so auf Grundlage des vereinfachten Algorithmus arbeitet, um nacheinander die vorgespeicherten Abtastwerte aus- 

zulesen, um die digitale Wellenform sich fortpflanzend zu erzeugen. 

40. Maschinenlesbares Medium nach Anspruch 39, wobei der Vorbereitungsschritt das Vorbereiten des computeri- 
sierten Wellenformgenerators umfaBt, der nacheinander die vorgespeicherten Abtastwerte ausliest, welche vor- 

55 laufig nach dem komplizierten Algorithmus berechnet sind, bevor von selbigem zu dem vereinfachten Algorithmus 

gewechselt wird. 
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Revendicatlons 

1. Appareil generateur de sons musicaux pour creer une forme d'onde pour g6nerer un son musical en fonction 
^informations sur des evenements musicaux (MIDI, KBD) comprenant : un premier moyen generateur de formes 
d'ondes (22) utilisable pour creer une forme d'onde ; un deuxieme moyen generateur de formes d'ondes utilisable 
independamment du premier moyen generateur de formes d'ondes (22) pour creer une forme d'onde ; des moyens 
d'entree (1 4) pour fournir des informations sur des ev6nements musicaux (MIDI, KBD) ; des moyens de designation 
pour designer au moms I'un des premier moyen generateur de formes d'ondes (22) et deuxieme moyen generateur 
de formes d'ondes en fonction des informations fournies sur des evenements musicaux (MIDI, KBD) ; des moyens 
controleurs (10) pour actionner selectivement celui des premier moyen generateur de formes d'ondes (22) et 
deuxieme moyen generateur de formes d'ondes qui a ete designe pour creer la forme d'onde en fonction des 
informations fournies sur des evenements musicaux (MIDI, KBD) ; et des moyens de sortie (23) pour g6n6rer le 
son musical base sur la forme d'onde creee, caracterlse en ce que le premier moyen generateur de formes 
d'ondes (22) est compost d'un module materiel pilote par les moyens controleurs (10), tandis que le deuxieme 
moyen generateur de formes d'ondes est compose d'un module logiciel pouvant etre installe dans les moyens 
controleurs (10). 

2. Appareil generateur de sons musicaux selon la revendication 1 , dans lequel les moyens d'entree (1 4) comprennent 
des moyens pour fournir des informations sur des evenements musicaux (MIDI, KBD) qui contiennent des infor- 
mations sur le timbre qui sont adaptees pour specifier un timbre du son musical et des informations sur le temps 
qui sont adaptees pour specifier un moment de generation d'un son musical, et dans lequel les moyens de desi- 
gnation comprennent des moyens pour designer I'un des premier moyen generateur de formes d'ondes (22) et 
deuxieme moyen generateur de formes d'ondes en fonction de reformation sur le timbre de sorte que les moyens 
de sortie (23) generent le son musical ayant le timbre specifie au moment sp6cifie. 

3. Appareil generateur de sons musicaux selon la revendication 1 , dans lequel les moyens de designation incluent 
des moyens fonctionnant, le cas echeant, pour designer de fagon comcidente tant le premier moyen generateur 
de formes d'ondes (22) que le deuxieme moyen generateur de formes d'ondes de sorte que les moyens controleurs 
(10) actionnent tant le premier moyen generateur de formes d'ondes (22) que le deuxieme moyen generateur de 
formes d'ondes pour cr6er simultanement des formes d'ondes de maniere parallele. 

4. Appareil generateur de sons musicaux selon la revendication 1, dans lequel les moyens d'entree comprennent 
des moyens pour fournir des informations sur des evenements musicaux (MIDI, KBD) adaptees pour commander 
la generation concurrente d'une plurality de sons musicaux, et dans lequel les moyens de designation comprennent 
des moyens pour designer I'un des premier moyen generateur de formes d'ondes (22) et deuxieme moyen gene- 
rateur de formes d'ondes en fonction d'un nombre de sons musicaux concurrents specifies par les informations 
sur les evenements musicaux (MIDI, KBD) de sorte que le generateur designe ait une capacite suffisante pour 
creer un nombre de formes d'ondes qui corresponde au nombre des sons musicaux. 

5. Appareil generateur de sons musicaux selon la revendication 4, dans lequel les moyens de designation compren- 
nent de plus des moyens qui interviennent lorsque le nombre des sons musicaux concurrents excede une capacite 
soit du premier moyen generateur de formes d'ondes (22) soit du deuxieme moyen generateur de formes d'ondes, 
pour designer tant le premier moyen generateur de formes d'ondes (22) que le deuxieme moyen generateur de 
formes d'ondes pour assurer la generation complete des sons musicaux concurrents. 

6. Appareil generateur de sons musicaux selon la revendication 1, dans lequel le premier moyen generateur de 
formes d'ondes (22) comprend un generateur de formes d'ondes externe qui peut etre connecte en option aux 
moyens controleurs (10) tandis que le deuxieme moyen g6n6rateur de formes d'ondes comprend un generateur 
de formes d'ondes interne integre dans les moyens contrdleurs (10) de sorte que les moyens de designation 
d6signent le generateur de formes d'ondes interne au lieu du generateur de formes d'ondes externe lorsque celui- 
ci n'est pas connecte aux moyens controleurs (1 0) bien que le generateur de formes d'ondes externe corresponde 
principalement aux informations fournies sur des evenements musicaux (MIDI, KBD). 

7. Appareil generateur de sons musicaux selon la revendication 1 , dans lequel le deuxieme moyen generateur de 
formes d'ondes, les moyens d'entree (14), les moyens de designation et les moyens controleurs (10) sont mutuel- 
lement int6gr6s pour constituer une partie principale composee d'un ordinateur, tandis que le premier moyen ge- 
nerateur de formes d'ondes (22), seul, constitue une partie supplemental qui est s6paree de la partie principale 
et qui peut etre instaliee en option dans I'ordinateur. 
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8. Appareil generateur de sons musicaux selon la revendication 1 , dans lequel le deuxifeme moyen generateur de 
formes d'ondes comprend une plurality de gen6rateurs de formes d'ondes numeriques qui fonctionnent sur la base 
de differents algorithmes pour creer arithm6tiquement des formes d'ondes numeriques ayant des qualites diff6- 
rentes, et dans lequel les moyens contr6leurs (10) comprennent des moyens actionnant seiectivement celui des 
g6n6rateurs de formes d'ondes numeriques qui est optimal en fonction des informations fournies sur des 6v6ne- 
ments musicaux (MIDI, KBD). 

9. Appareil generates de sons musicaux selon la revendication 8, dans lequel le deuxieme moyen generateur de 
formes d'ondes inclut un generateur de formes d'ondes numeriques du type a memoire de formes d'ondes fonc- 
tionnant sur la base d'un algorithme relativement simple pour creer une forme d'onde numerique ayant une qualite 
relativement basse, et un autre generateur de formes d'ondes numeriques fonctionnant sur la base d'un algorithme 
relativement complexe pour creer une autre forme d'onde numerique ayant une quality relativement eiev6e. 

10. Appareil generateur de sons musicaux selon la revendication 1, dans lequel le deuxieme moyen generateur de 
formes d'ondes comprend un generateur de formes d'ondes electroniques fonctionnant selon un algorithme donne 
k une vitesse d'execution variable pour cr6er une forme d'onde numerique en calculant successivement des va- 
leurs echantillons de la forme d'onde numerique, et dans lequel les moyens contrfileurs (10) comprennent des 
moyens d'actionnement provisoire du generateur de formes d'ondes electroniques pour realiser la creation test 
d'une forme d'onde numerique module tout en mesurant la vitesse d'execution k laquelle la creation test est rea- 
lisee, des moyens de determination pour determiner de fagon optimale une frequence d'echantillonnage compa- 
rable k la vitesse d'execution mesur6e, et des moyens pour actionner r6ellement le generateur de formes d'ondes 
electroniques afin que celiii-ci puisse calculer successivement des valeurs echantillons d'une forme d'onde nu- 
merique reelle k la frequence d'echantillonnage determin6e selon les informations fournies sur des evenements 
musicaux (MIDI, KBD). 

11. Appareil generateur de sons musicaux selon la revendication 10, dans lequel les moyens de determination com- 
prennent des moyens pour fixer la frequence d'echantillonnage k un niveau predetermine pas a pas, niveau qui 
est inf6rieur k la vitesse d'execution mesuree et qui est le plus proche de celle-ci. 

12. Appareil generateur de sons musicaux selon la revendication 10, dans lequel les moyens controleurs (10) com- 
prennent de plus des moyens de changement, qui interviennent lorsque la frequence d'echantillonnage determinee 
chute en degk d'un niveau critique qui est defini pour garantir une qualite minimale de la forme d'onde numerique, 
pour changer Talgorithme afin d'augmenter la vitesse d'execution du g6n6rateur de formes d'ondes electroniques, 
ce qui permet de redeterminer la frequence d'echantillonnage afin qu'elle depasse le niveau critique. 

13. Appareil generateur de sons musicaux selon la revendication 12, dans lequel les moyens de changement com- 
prennent des moyens pour changer I'algorithme, d'un algorithme complexe k un algorithme simplifie, de sorte que 
le generateur de formes d'ondes electroniques intervient sur la base de I'algorithme simplifie pour lire successi- 
vement des valeurs echantillons prem6morisees afin de creer par reproduction la forme d'onde numerique. 

* 

14. Appareil generateur de sons musicaux selon la revendication 13, dans lequel le generateur de formes d'ondes 
electroniques lit successivement des valeurs echantillons pr6memorisees qui sont calcuiees provisoirement selon 
I'algorithme complexe avant que celui-ci soit remplace par I'algorithme simplifie. 

1 5. Proc6de de generation de sons musicaux par creation d'une forme d'onde pour gen6rer un son musical en fonction 
d'informations sur des evenements musicaux (MIDI, KBD), comportant les etapes suivantes : fourniture d'un pre- 
mier g6n6rateur de formes d'ondes (22) utilisable pour cr6er une forme d'onde ; fourniture d'un second generateur 
de formes d'ondes utilisable independamment du premier generateur de formes d'ondes (22) pour creer une forme 
d'onde ; fourniture d'informations sur des evenements musicaux (MIDI, KBD) ; designation de I'un au moins des 
premier g6n6rateur de formes d'ondes (22) et second g6n6rateur de formes d'ondes en fonction des informations 
fournies sur des evenements musicaux (MIDI, KBD) ; actionnement s6lectif de celui des premier generateur de 
formes d'ondes (22) et second generateur de formes d'ondes qui a 6t6 d6signe, au moyen d'un contrdleur (10) 
pour cr6er la forme d'onde en fonction des informations fournies sur des evenements musicaux (MIDI, KBD) ; et 
generation du son musical sur la base de la forme d'onde creee, caracterise en ce que les etapes de fourniture 
comportent la fourniture du premier generateur de formes d'ondes (22) compose d'un module materiel pilote par 
le contrdleur (1 0) et du second generateur de formes d'ondes compose d'un module logiciel pouvant §tre instalie 
dans le contrdleur (10). 
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16. Proceed de generation de sons musicaux selon la revendication 15, dans lequel I'etape de fourniture comporte la 
fourniture d'informations sur des evenements musicaux (MIDI, KBD) qui contiehnent des informations sur le timbre 
qui sont adaptees pour specifier un timbre du son musical et des informations sur le temps qui sont adaptees pour 
specifier un moment de generation du son musical, et dans lequel I'etape de designation comporte la designation 
du premier gen6rateur de formes d'ondes (22) ou du second generateur de formes d'ondes en fonction de Infor- 
mation sur le timbre de sorte que le son musical ayant le timbre specifie est genere au moment specific. 

17^Procede de generation de sons musicaux selon la revendication 15, dans lequel I'etape de designation inclut, le 
cas echeant, la designation coi'neidente tant du premier generateur de formes d'ondes (22) que du second gene- 
rates de formes d'ondes de sorte que le controleur (10) actionne tant le premier generateur de formes d'ondes 
(22) que le second generateur de formes d'ondes pour cr6er simultanement des formes d'ondes de manifere pa- 
rallel. 

18. Procede de generation de sons musicaux selon la revendication 15, dans lequel I'etape de fourniture comporte la 
fourniture d'informations sur des evenements musicaux (MIDI, KBD) adaptees pour commander la generation 
concurrente d'une plurality de sons musicaux, et dans lequel I'etape de designation comporte la designation de 
I'un des premier generateur de formes d'ondes (22) et second generateur de formes d'ondes selon un nombre de 
sons musicaux concurrents specifies par I'information sur des evenements musicaux (MIDI, KBD) de sorte que le 
generateur d6signe ait unecapacite suffisante pourcreer un nombre de formes d'ondes qui corresponde au nombre 
des sons musicaux. 

19. Procede de generation de sons musicaux selon la revendication 1 8, dans lequel I'etape de designation comporte 
de plus la designation tant du premier generateur de formes d'ondes (22) que du second generateur de formes 
d'ondes pour garantir la generation complete des sons musicaux concurrents lorsque le nombre des sons musicaux 
concurrents excede une capacite soit du premier generateur de formes d'ondes (22) soit du second generateur 
de formes d'ondes. 

20. Procede de generation de sons musicaux selon la revendication 15, dans lequel les etapes de preparation corn- 
portent la preparation d'un premier generateur de formes d'ondes (22) compose d'un generateur de formes d'ondes 
externe qui peut etre connecte en option au controleur, et la preparation du second generateur de formes d'ondes 
compose d'un generateur de formes d'ondes interne integre dans le controleur (1 0) de sorte que le generateur de 
formes d'ondes interne est designe au lieu du generateur de formes d'ondes externe lorsque celui-ci n'est pas 
connecte au controleur (1 0) bien que le generateur de formes d'ondes externes corresponde principalement aux 
informations fournies sur des 6v6nements musicaux (MIDI, KBD). 

21. Precede de generation de sons musicaux selon la revendication 15, dans lequel I'etape de preparation comporte 
la preparation d'un second generateur de formes d'ondes compose d'une pluralite de generateurs de formes d'on- 
des numeriques qui fonctionnent sur la base de diff6rents algorithmes pour cr6er arithmetiquement des formes 
d'ondes numeriques ayant des qualites differentes, et dans lequel I'etape d'actionnement comporte I'actionnement 
seiectif de celui des generateurs de formes d'ondes qui est optimal en fonction des informations fournies sur des 
evenements musicaux (MIDI, KBD). 

22. Procede de generation de sons musicaux selon la revendication 21, dans lequel I'etape de preparation comporte 
la preparation du second generateur de formes d'ondes compose d'un generateur de formes d'ondes numeriques 
du type k memoire de formes d'ondes fonctionnant sur la base d'un algorithme relativement simple pour creer une 
forme d'onde num6rique ayant une qualite relativement basse, et un autre generateur de formes d'ondes nume- 
riques fonctionnant sur la base d'un algorithme relativement complexe pour cr6er une autre forme d'onde num6- 
rique ayant une qualite relativement 6lev6e. 

23. Procede de generation de sons musicaux selon la revendication 15, dans lequel I'etape de preparation comporte 
la preparation du second g6n6rateur de formes d'ondes compose d'un g6n6rateur de formes d'ondes eiectroniques 
fonctionnant selon un algorithme donne k une vitesse d'execution variable pour creer une forme d'onde numerique 
en calculant successivement des valeurs echantillons de la forme d'onde numerique, et dans lequel I'etape d'ac- 
tionnement comporte des etapes d'actionnement provisoire du g6n6rateur de formes d'ondes eiectroniques pour 
realiser une creation test d'une forme d'onde numerique modeie tout en mesurant la vitesse d'execution k laquelle 
la creation test est realis6e, de determination de fa$on optimale d'une frequence d'6chantillonnage comparable k 
la vitesse d'execution mesuree, et d'actionnement r6el du generateur de formes d'ondes eiectroniques pour per- 
mettre k celui-ci de calculer successivement des valeurs echantillons d'une forme d'onde numerique reelle k la 
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frequence d'echantillonnage determin§e en fonction des informations fournies sur des evenements musicaux (MI- 
DI, KBD). 

24. Procede de generation de sons musicaux selon la revendication 23, dans lequel I'etape de determination comporte 
la fixation de la frequence d'echantillonnage k un niveau predetermine pas k pas, niveau qui est inferieur k la 
Vitesse d'execution mesuree et le plus proche de celle-ci. 

25. Procede de generation de sons musicaux selon la revendication 23, dans lequel retape d'actionnement comporte 
de plus le changement de I'algorithme pour augmenter la Vitesse d'execution du generateur de formes d'ondes 
eiectroniques de sorte que la frequence d'echantillonnage puisse etre redeterminee pour depasser le niveau cri- 
tique lorsque la frequence d'echantillonnage determinee chute en degk d'un niveau critique qui est defini pour 
garantir une qualite minimale de la forme d'onde numerique. 

26. Procede de generation de sons musicaux selon la revendication 25, dans lequel retape de changement comporte 
le changement de I'algorithme, d'un algorithme complexe k un algorithme simplifie, de sorte que le g6nerateur de 
formes d'ondes eiectroniques fonctionne sur la base de I'algorithme simplifie pour lire successivement des valeurs 
echantillons prememoris6es pour creer par reproduction la forme d'onde numerique. 

27. Procede de generation de sons musicaux selon la revendication 26, dans lequel retape de preparation comporte 
la preparation du generateur de formes d'ondes eiectroniques qui lit successivement des valeurs echantillons 
prememorisees qui sont calcuiees provisoirement selon I'algorithme complexe avant que celui-ci soit remplace 
par I'algorithme simplifie. 

28. Support lisible par machine contenant des instructions pour que ladite machine foumisse un premier generateur 
de formes d'ondes (22), qui est un module materiel, pour executer un procede de creation d'une forme d'onde afin 
de gen6rer un son musical en fonction d'informations sur des evenements musicaux (MIDI, KBD), le procede 
comportant les etapes suivantes : fourniture d'un premier generateur de formes d'ondes (22) k partir d'informations 
sur des ev6nements musicaux (MIDI, KBD) utilisables pour cr6er une forme d'onde ; fourniture d'un second ge- 
nerateur de formes d'ondes compose d'un module logiciel utilisable independamment du premier generateur de 
formes d'ondes (22) pour cr6er une forme d'onde ; designation d'au moms Tun des premier generateur de formes 
d'ondes (22) et second generateur de formes d'ondes en fonction des informations sur des evenements musicaux 
fournies (MIDI, KBD) ; actionnement seiectif de celui des premier g6n6rateur de formes d'ondes (22) et second 
g6n6rateur de formes d'ondes qui est designe, au moyen d'un controleur (1 0) pour creer la forme d'onde en fonction 
des informations fournies sur des evenements musicaux (MIDI, KBD) ; et generation du son musical sur la base 
de la forme d'onde cr6ee. 

29. Support lisible par machine selon la revendication 28, dans lequel retape de fourniture comporte la fourniture 
d'informations sur des evenements musicaux (MIDI, KBD) qui contiennent des informations sur le timbre adaptees 
pour specifier un timbre du son musical et des informations sur le temps adaptees pour specifier un moment de 
generation du son musical, et dans lequel retape de designation comporte la designation du premier generateur 
de formes d'ondes (22) ou du second generateur de formes d'ondes en fonction des informations sur le timbre de 
sorte que le son musical ayant le timbre specif ie est genere au moment specifie. 

30. Support lisible par machine selon la revendication 28, dans lequel retape de designation inclut, lecas echeant, la 
designation coincidente tant du premier generateur de formes d'ondes (22) que du second generateur de formes 
d'ondes de sorte que le controleur (1 0) actionne tant le premier generateur de formes d'ondes (22) que le second 
generateur de formes d'ondes pour cr6er simultanement des formes d'ondes de maniere parall£le. 

31. Support lisible par machine selon la revendication 28, dans lequel I'etape de fourniture comporte la fourniture 
d'informations sur des evenements musicaux (MIDI, KBD) adaptees pour commander la generation concurrente 
d'une pluralite de sons musicaux, et dans lequel I'etape de designation comporte la designation du premier gene- 
rateur de formes d'ondes (22) ou du second generateur de formes d'ondes selon un nombre de sons musicaux 
concurrents specifies par les informations sur des evenements musicaux (MIDI, KBD) de sorte que le generateur 
designe ait une capacite suffisante pour cr6er un nombre de formes d'ondes qui corresponde au nombre des sons 
musicaux. 

32. Support lisible par machine selon la revendication 31, dans lequel retape de designation comporte de plus la 
designation tant du premier generateur de formes d'ondes (22) que du second generateur de formes d'ondes pour 
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garantir la generation complete des sons musicaux concurrents lorsque le nombre des sons musicaux concurrents 
excede une capacite soit du premier generateur de formes d'ondes (22) soit du second generateur de formes 
d'ondes. 

33. Support lisible par machine selon la revendication 28, dans lequel les Stapes de preparation comportent la pre- 
paration du premier g6n6rateur de formes d'ondes (22) compost d'un generateur de formes d'ondes externe qui 
peut etre connects en option au controleur (10), et la preparation du second generateur de formes d'ondes com- 
pose d'un generateur de formes d'ondes interne integre dans le controleur (10) de sorte que le generateur de 
formes d'ondes interne est designe au lieu du generateur de formes d'ondes externe lorsque celui-ci n'est pas 
connecte au controleur (10), bien que le generateur de formes d'ondes externe corresponde principalement aux 
informations fournies sur des evenements musicaux (MIDI, KBD). 

34. Support lisible par machine selon la revendication 28, dans lequel retape de preparation comporte la preparation 
du second g6n6rateur de formes d'ondes compose d'une pluralite de g6nerateurs de formes d'ondes num6riques 
fonctionnant sur la base d'algorithmes difterents pour creer arithmetiquement des formes d'ondes numeriques 
ayant des qualites differentes, et dans lequel retape d'actionnement comporte I'actionnement seiectif de celui des 
generateurs de formes d'ondes numeriques qui est optimal en fonction des informations sur des evenements 
musicaux (MIDI, KBD) . 

35. Support lisible par machine selon la revendication 34, dans lequel retape de preparation comporte la preparation 
du second generateur de formes d'ondes incluant un generateur de formes d'ondes numeriques du type a m6moire 
de formes d'ondes fonctionnant sur la base d'un algorithme relativement simple pour creer une forme d'onde 
numerique ayant une qualite relativement basse, et un autre generateur de formes d'ondes fonctionnant sur la 
base d'un algorithme relativement complexe pourcr6er une autre forme d'onde numerique ayant une qualite re- 
lativement eievee. 

36. Support lisible par machine selon la revendication 28, dans lequel retape de preparation comporte la preparation 
du second generateur de formes d'ondes compose d'un generateur de formes d'ondes eiectroniques fonctionnant 
selon un algorithme donne a une vitesse d'ex6cution variable pour cr6er une forme d'onde numerique en calculant 
successivement des valeurs echantillons de la forme d'onde numerique, et dans lequel retape d'actionnement 
comporte des etapes d'actionnement provisoire du generateur de formes d'ondes eiectroniques pour realiser une 
creation d'essai d'une forme d'onde numerique module tout en mesurant la vitesse d'execution h laquelle la creation 
d'essai est realisee, de determination de fagon optimale d'une frequence d'echantillonnage comparable k la vitesse 
d'execution mesuree, et d'actionnement reel du generateur de formes d'ondes eiectroniques pour permettre k 
celui-ci de calculer successivement des valeurs echantillons d'une forme d'onde numerique reelle k la frequence 
d'echantillonnage determinee en fonction des informations fournies sur des evenements musicaux (MIDI, KBD). 

37. Support lisible par machine selon la revendication 36, dans lequel retape de determination comporte la fixation 
de la frequence d'echantillonnage k un niveau predetermine pas k pas, niveau qui est inferieur k la vitesse d'exe- 
cution mesuree et le plus proche de celle-ci. 

38. Support lisible par machine selon la revendication 36, dans lequel retape d'actionnement comporte de plus le 
changement de I'algorithme pour augmenter la vitesse d'execution du generateur de formes d'ondes eiectroniques 
de sorte que la frequence d'echantillonnage peut etre red6termin6e pour depasser le niveau critique lorsque la 
frequence d'echantillonnage determinee chute en 6egk d'un niveau critique qui est defini pour garantir une qualite 
minimale de la forme d'onde numerique. 

39. Support lisible par machine selon la revendication 38, dans lequel retape de changement comporte le changement 
de ('algorithme, d'un algorithme complexe k un algorithme simplifie, de sorte que le g6n6rateur de formes d'ondes 
eiectroniques fonctionne sur la base de I'algorithme simplifie pour lire successivement des valeurs echantillons 
prememoris6es pour creer par reproduction de la forme d'onde numerique. 

40. Support lisible par machine selon la revendication 39, dans lequel retape de preparation comporte la preparation 
du generateur de formes d'ondes eiectroniques qui lit successivement des valeurs echantillons pr6memorisees 
qui sont calcuiees provisoirement selon I'algorithme complexe avant que celui-ci soit remplace par I'algorithme 
simplifie. 
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